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A MICROPHOTO LYSIS-ANALYSIS PROCESS
TO MEASURE CELL CHARACTERISTICS AND DIAGNOSE DISEASES

BACKGROUND OF THE INVENTION

Most biological cells can drastically change their shape
(called cell deformability) without a change in the functional
integrity of the cell membrane. Under certain conditions, the
cell membrane can rupture to lose cell contents (called cell
fragility). Cells can have any combination of a high-to-low
heformability and a high-to~low fragility. However, most cells

normally have high deformability and moderate~to-low fragility.

Deformability is an important characteristic for function of

. some normally stationary cells such as "sensory receptors” and

normally moving cells such as blood and lymph cells. Cell
fragility is an important characteristic for almost all body
cells because changes in the cell environment can shift water
into a cell to rupture fragile cells. Thus, changes in cell
Eragility can also change the ability of a cell to perform its
normal function. For example, an abnormally high fragility to
rupture part of the circulating pocl of red blood cells will
reduce the transport of oxygen to tissues. Thus, fragility might
clinically be a more important cell characteristic than

deformability.

This Sheet Has Been Replac

U



Deformability is an inportant characteristic for function of some normally
stationary cells such as "sensory receptors” and normally noving cells such
as blood and Iynph cells. Cell fragility is an inportant characteristic for
al nost all body cells because changes in the cell environnment can shift
water into a cell to rupture fragile cells. Thus, changes in cell fragility
can al so change the ability of a cell to performits normal function. For
exanpl e,, an abnormally high fragility to rupture part of the circulating

pool of red blood cells wll reduce the transport of oxygen to tissues. —_—

Thus, fragility m ght

Cell fragility changes with ceil ace, éﬁraiioﬁ of Elood-bank
stor;ge, treatg;nt with a variety of membrane-binding drugs, and
pro;resgion of membrane or hemoglobin-related diseases such as
sickie—cell anemia and diabetes. Thus, a rapid, highly accurate,
and easily applied method is needed for clinical measurements to
assess cell fragility as an index of cell ability to function
{called cell integrity). The current methods use mechanical
;forces primarily to assess the deformability or fragility of red
;blood cells. These current metheds include Osmotic-Gradient
:Ektacytometry, Filtration, MicropipetterSuction, and Osmotic
jFragility. Of these, only the Osmotic fragility method is

commonly used in clinical laboratories.

Osmotic~Gradient Ektacytometry is one technology that has
bgen:developed to measure cell deformability. This technology
us;s_a viscometer to measure shape changes which are induced in
red blood cells by different osmotic solutions at various levels
of-rotational speed (called applied shear stress). The use of
different osmotic solutions offers the potential for this
Ektacytometry method to determine several properties which could
influence the éeformability of red blood cells. However, the
osmotic~spectrum curves which are produced by Ektacytometry are
complex and very difficult to interpret. These curves are also
subject to high variability due to changes in sample ambient
temperature, pH, and plasma osmolality. Thus, Ektacytometry

currently requires very sophisticated equipment, extensive
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clinically be a nore inportant cell characteristic than deformability. This
I's the replacenent sheet Date: Cell fragility changes with cell aoe,
duration of bl ood-bank storage, treatment with a variety of
menbr ane- bi ndi ng drugs, and progression of nenbrane or henogl obi n-rel at ed
di seases such as

'

operator training, and highly controlled test conditione to maka
it usable, but only in a few research laboratories and not in the

elinical setting.

Other methods for measuring cell deformability include
filtration through various size pores, aspiration of cells into
micropipettes of fixed tip size and taper, and a photometric
technique. All of these methods also require very sophisticated
equipment and substantial operator training; and they are
extremely time consuming for analysis of relatively few cells in
la few samples. Thus, these methods havé also not been accepted

into general clinical use.

Impedance measurements (Bands et al, United States Patent
Nq? 4,835,457) and time measurements (David D. Paterson, United
States Patent No, 4,49i,012) have been made on red cells that
pass under pressure through a membrane or a foll system (Helmut
Jahn, United States Patent No. 4,797,606) as variations of the
Filtration method for measurement of cell deformability. These
variations are extremely sensitive to manufacturing tolerances on
the filter or foil and they primarily measure only deformability
rather than cell fragility. Thus, these variant Filtration

methods have also not been accepted into common clinical use.

The Osmotic Fragility test was one of the earliest methods

that was developed for assessment of red blood cell integrity,
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si ckl e-cell anem a and di abetes. Thus, a rapid, highly accurate, and easily
applied nethod is needed for clinical neasurenents to assess cell fragility
as an index of cell ability to function (called cell integrity). The

current nethods use mechanical forces primarily to assess the deformability
or fragility of red blood cells. These current nethods include
Gsnoti c- G adi ent Ektacytonetry, Filtration, Mcropipette Suction, and

Csnmotic Fragility. O these, only the Gsnotic Fragility method is commonly
used i ncclini cal—taborateri+es—OsAptie—Gadi-ent—Ektacytonetry i s one ——
t echnol ogy that has

and it is one of the few tests currently ip clinical use. The
Osmotic Fragility test is time-consuming, requires multiple blood
%andling steps, usually requires relatively large blood samples,
Eand provi&es no information about the lysis (cell membrane
hisruption) rate. These limitations and the lack of sensitivity
'‘to mild or moderate changes in cell fragility has often led to
ithe clinical use of this osmotic test only for diagnosis of one

;disease called hereditary spherocytosis.

It was first shown some fifty years ago that some chemicals
'can be changed by light (called photoactivation) to induce the
rupture or breakup of red blood cells (called hemolysis) in a
test tube. Since then, this basic process (called

photohemolysis) has been extensively studied in a variety of

tegt-tube experiments.

The mechanism for photohemolysis is oxygen dependent and
probably involves the generation of singlet oxygen with the
subsequent oxidation of proteins in the red blood cell membrane.
This protein oxidation leads to the creation of water channels
with an increase in passive cationic exchange and the subsequent
influx of water into the cell to produce hemolysis.
Photohemolysis could also involve peroxidation of the lipid
layers of the cell membrane. This peroxidation would alter

membrane fluidity in the lipid bilayer to limit the ability of
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been .devel oped to neasure cell deformability. This technol ogy uses a

vi sconeter to neasure shape changes which are induced in red blood cells by
different osnotic solutions at various |levels of rotational speed (called
applied shear stress). The use of different osnotic solutions offers the
potential for this -Ektacytonetry nmethod to determ ne several properties

whi ch could influence the deformability of red bl ood cells. However, the
osnoti c-spectrum curves which are produced by Ektacytonetry are conpl ex and
very di #ficul t t+e—+nterpret---These curves are al so subject to high
variability due to changes in sanple anbient

he cell to undergo shape changes, whicn are”&ependénﬁ'éh chauges

in the lipid bilayer.

Thus, there is considerable scientific evidence to show that
certain chemical agents can be photoactivated to disrupt red
blood cells by altering either the protein or the lipid layer of
£he cell membrane. These membrane alterations disrupt membrane
integrity to permit water inflow which changes cell shape (called

cell deformability) by increasing cell volume until the "internal

cell pressure" breaks the cell membrane, (called cell fragility)
Eufficiently to permit loss of cell contents (called lysis or

hemolysis in the case of red blood cells).

Current clinical methods use milliliter quantities of blood
solutions to measure the osmolality (equivalent to internal water
pressure) at which hemolysis occurs. However, these hemolysis
methods cannot separate changes in deformability from those in
fragility, cannot distinguish between loss of membrane integrity
due to protein layer changes and that due to lipid layer changes,
and cannot determine "rates of hemolysis" to provide a more

sensitive hemolysis test for clinical use.

Current clinical methods are "macro" techniques in that
relatively large blood volumes (milliliter quantities) are
exposed to various osmotic solutions to determine hemolysis.

These Osmotic Fragility tests are generally performed in
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tenperature, p[err], and plasma osnolality. Thus, Ektacytometry currently
requi res very sophisticated equi pnent, extensive operator training, and
highly controlled test conditions to nake it usable, but only in a few
research | aboratories and not in the clinical setting. Oher nethods for
measuring cell deformability include filtration through various size pores,
aspiration of cells into

t

}elatively large test tubes or éuvegtes:usiﬁg'parallei”light’fbf“'
ictivation. Likewise, current photochemolysis research methods

&Sre also "macro" techniques in that milliliter gquantities of

i jood are exposed to photoactivation, and long analysis times are

frequired to obtain a single measurement. Photoactivation of red

lood cells incubated with 0.1mM of protoporphyrin as a "cell-
fattack” agent requires about twenty minutes of illumination time
to achieve a modest 20% hemolysis while a 100% hemolysis requires
a 25~minute or longer exposure. Similarly, more than twenty

iminutes of light exposure is needed with pheophorbide as the

'sell-attack agent to give about a 90% hemolysis. Light exposures
of 3-4 hours are needed with eosin-isothiocyanate as the cell-
attack agent to give maximal hemolysis which occurs about 11
hours after photoactivation. 2ll of these current methods
require extended time periods primarily because they use
unfoclused light which limits the activation to low light power

densities.

All of the current Osmotic Fragility and Photohemolysis
‘methods require multiple dilutions, centrifugation, and analysis
in a spectrophotometer to give single measurements of a percent
cell hemolysis. Thus, the current clinical and research methods
are time consuming, and simultaneous light-dose and time~
dependeht relationships are next-to~impossible to obtain from one
blood sample. Some researchers have used a light scattering

device to detect photohemolysis.. However, this device is very
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m cropi pettes of fixed tip size and taper, and a photonetric techni que. Al
of these nethods al so require very sophisticated equi pnent and substanti al
operator training; and they are extrenely time consum ng for anal ysis of
relatively fewcells in a few sanples. Thus, these nethods have al so not
been accepted into general clinical use. |npedance neasurenents (Bands et
al, United States Patent No. 4, 835,457) and tinme nmeasurenments (David D
Pat erson, United States Patent No. 4,491,012) have been nmade on red cells

that pasp under pressure—through-a nenbrane or a foil system (Hel nut

S
-

ensitive to very small changes ‘in —ed blooé:éeil cénceﬁﬁfations,
nd this device requires a monclayer of red blood cells with a
ed cell concentration of less than 0.00025% which is extremely
ifficult to achieve even by current micropipetting systems.

ven then, this cell monolayer method is quite time-consuming

since 100% hemolysis requires 4 hours with phloxine B as the

Fell-attack agent.

;
|

i
'

SUMMARY OF THE INVENTION

i
i

r

| The present invention includes a néw "microphotolysis™
process to apply precise guantities of focused light energy to a
Eprecise microscopic area of a very small cell sample (a cell
émicro-sample of less than 25 pl) to activate a chemical agent

gwhéch then attacks the nearby cell membranes. The present
;invention includes a new "microphotoanalysis" process which
.measures, as a function of time, the precise degree of cell
disruption which is caused by the photoactivated chemical in the

microscopic area of cell-attack. This procedure gives a

‘quantitative, time~related, light-dose dependent measure of cell

fragility.

The present invention (called the Microphoto Lysis-Analysis
Process) has several advantages over other current methods which
give relatively imprecise estimates of cell deformability or cell

fragility. The Microphoto Lysis-Rnalysis process uses focused

7
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Jahn, United States Patent No. 4,797,606) as variations of the Filtration
met hod for neasurenent of cell deformability. These variations are
extrenely sensitive to manufacturing tolerances on the filter or foil and
they primarily neasure only deformability rather than cell fragility. Thus,
these variant Filtration methods have al so not been accepted into common
clinical use. - The Gsnotic Fragility test was one of the earliest nethods
that was devel oped for assessnment of red blood cell integrity,

.
L

T
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ight to activate the cell-attaék cﬁemiéal dniy in'a &ef& smail

§ efined area of a cell micro-sample. Thus, multiple micro~sample
reas can be used to obtain multiple photoactivations with one
rea as an unactivated control in a single micro-sample. Also,
pach micro-sample area is analyzed before photoactivation to
rovide its own control value for determination of the lysis
esponse. In contrast to other methods, this multiple~activation
self-control feature of the present invention provides an

venergy-dose lysis-response" test to give very precise time-

related measurements of cell membrane fragility.

Unlike other methods, the use of focused light on a small
area of a cell micro-sample in the present invention only
requires relatively short photoactivation times of 2 to 10
fmiputes with a short time, depending on the cell population, of

30 to 60 minutes to complete cell lysis. Thus, the present

invention provides a first-ever complete microphotolysis response
curve to measure the rate of cell lysis within a total
‘measurement time of less than one hour on a single cell micro-

‘sample of 25 microliters (ul).

In the present invention, precise quantities (doses) of
various drugs can be added to the cell micro-sample to test for
the effect (efficacy) of these drugs to improve cell fragility.

.Thus, the present invention can provide a first-ever complete
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4.and it is one of the fewtests currently in clinical use. The osnotic
Fragility test is time-consumng, requires nmultiple blood handling steps,
usually requires relatively large bl ood sanples, and provides no

i nformati on about the lysis (cell nenbrane disruption) rate. These
limtations and the | ack of sensitivity to mld or noderate changes in cel
fragility has often led to the clinical use of this osnotic test only for
di agnosi s of one disease called hereditary spherocytosis.

-

.
- .
'

-
L

r

dose-response analysis for six drug doses on a total blood

Fpecimen of 150 ul.

Unlike the other methods, the present invention (new
Pprocess) requires no further cell manipulation after the micro-
sample is placed in the sample-carrier. The new process is easy
:to perform with easy-to-conduct tests of reproducibility by
repeated photoactivation in a second micro-sample area. The new

process gives a microphotolysis that depends only on the light~

activation energy and on the concentration and formulation of the
'bell—attack chemical. The new process is not complicated (as are
other methods) by variations in sample temperature (from the
light source) which could increase Brownian cell motion to
confound the lysis measurements, or by non-specific effects of
other blood constituents such as plasma in the cell micro-sample.

Thus, the new process creates a very specific light-related

activity only in the area of focused light-activation.

The new process can measure alterations in cell membrane
fragility due to changes in membrane characteristics that are
created by a cell-attack agent that remains and becomes activated
only outside the cell (an extracellular agent). The new process
can measure alterations in cell membrane fragility due to changes
in internal cell structures that are created by a cell-attack
agent that crosses the cell membrane to attach to internal cell

structures where the agent becomes photoactivated. Thus, the new
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It was first shown sone fifty years ago that sone chenicals can be changed
by light (called photoactivation) to induce the rupture or breakup of red
bl ood cells (called henpblysis) in a test tube. Since then, this basic
process (called photohenolysis) has been extensively studied in a variety
of test-tube experinments. The nmechani smfor photohenolysis is oxygen
dependent and probably involves the generation of singlet oxygen with the
subsequent oxidation of proteins in the red blood cell menbrane. This
protein oxidation leads to the creation of water channels

brocess can provide first-ever detection cf diseases that altex

; nly the cell membrane, systemic diseases which alter only the
:'nternal cell composition, and cell alterations due to drug

reatments.

The energy level for activation of an intracellular agent
'111 in part depend on the anti-oxidant status of the cell. Many
cells such as red blood cells usually carry oxygen and these
cells maintain a well developed anti-oxidant system to protect

the cell against auto-oxidation. Other, current techniques to

lassess cell fragility or deformability cannot also assess anti-
ioxidant activity because these other methods do not induce

oxidation reactions within the cell. The present invention can
measure the difference in cell fragility due to photoactivation

of\specific external and internal chemical agents as a new method

to determine the status of the anti-oxidant system in the cell.

The present invention is a new "microphotolysis and
microphotoanalysis process” which uses a new combination of
generally available equipment in a new sequence of new

procedures, solutions, and new preparations.

Accordingly, it is an object of the present invention to
provide a new configuration of microscope, light source, light
control, television imaging, and video recording equipment to

Provide cell images at standardized illuminations.

10
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w th an increase in passive cationic exchange and the subsequent influx of
water into the cell to produce henvolysis. Photohenolysis could also involve
peroxidation of the lipid |layers of the cell nenbrane. This peroxidation
woul d alter nenbrane fluidity in the lipid bilayer to limt the ability of
This is the replacenent sheet the cell to undergo shape changes, which
are dependent on changes

e

It is a further object of the present invention tou provice &
ew microscope calibration procedure to provide microexposures of

1
Eells to quantitated, focused, frequency-specific light energies.

It is a further object of the present invention to utilize a

@enerally known selection procedure to obtain a cell specimen.

It is a further object of the present invention to utilize
reparation of a standard buffer solution to provide a

Jstandardized environment for the cell specimen.

It is another object of the present invention to provide a
new method of use for a new preparation of a fluorochrome
solution used for other types of measurements in order to provide
a“quantifiable new cell-attack stimulus for different micro-

samples of the cell specimen.

It is yet another object of the present invention to provide
a new method for preparation of the cell specimen to give a
standardized mixture of cells and cell-attack stimuli in a

standardized solution (buffer) environment.

It is a further object of the present invention to provide a
new micro-sample preparation for subsequent measurements for cell

disruption.

11
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inthe lipid bilayer. Thus, there is consi.derable scientific evidence to
show that certain chem cal agents can be photoactivated to disrupt red

bl ood cells by altering either the protein or the lipid |ayer of the cel
menbr ane. These nenbrane alterations disrupt nenbrane integrity to permt
wat er inflow which changes cell shape (called cell deformability) by

i ncreasing cell volunme until the "internal cell pressure” breaks the cel
menbrane, (called cell fragility) sufficiently to permt |oss of cel
contents {talled lysis or henolysis in the case of red blood cells).

Tt is a further object of the present invention to provide a
#pnew microphotolysis procedure for precision light-stimulated
lattack to disrupt the cells in the micro-sample in a new

Ltandardized manner.

(
|
j It is yet a further object wf the present invention to
fprova.de a new procedure for microphotoanalysis of micro-sample
gimages to measure the time-sequenced disruption of cells during
glight-stimulated cell-attack in small regions of the micro-
sample. ‘

These and other improvements will be better understoocd on

reading the description which follows.

A BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will be had
upon reference to the following description in conjunction with

the accompanying drawings, wherein:

Figure 1 is a plot showing curves for the percentage numbexr
of surviving intact human red blood cells (measured as a relative
Response~Area Optical Density} in two rectangular areas of a cell
micro~sample as a function of time from the beginning of a light-
activated cell-attack stimulus of 245 Joules/cm? (open circles)

which creates microphotolysis in one rectangular area and

12
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Current. clinical methods use milliliter quantities of blood solutions to
nmeasure the osnolality (equivalent to internal water pressure) at'which
henol ysi s occurs. However, these henolysis methods cannot separate changes
in deformability fromthose in fragility, cannot distinguish between |oss
of menbrane integrity due to protein |ayer changes and that due to lipid

| ayer changes, and cannot determ ne "rates of henpblysis" to provide a nore
sensitive henolysis test for clinical use. Current clinical nethods are

"macro” techni ques it that rel atively |arge bl ood vol-ures—{m-Hitex
guantities) are

01 Joules/cm® (filled circles) which creates microphotoiysis in

second rectangular area.

Figure 2 is a plot showing a repeat of the curve (open
circles) of Figure 1 for the 245 Joules/cm®? stimulus and gives a
.|Response-Area Optical Density curve as a function of time from
:the beginning of a light~activated cell-attack stimulus of 638

Joules/cm? (filled circles) to create microphotolysis in a third

rectanqular area of the cell specimen that gave Figure 1.
Figure 3 is a plot showing a repeat of the curve (open
lcircles) of Figure 1 as the graphical basis for definition of:

1) the Maximal Microphotolysis Response (MR} as the zero-

time Response-Area Optical Density (ZROD) minus the
K Minimum Plateau Response-Area Optical Density (PRODj;
2) the Percent Maximal Response (MR%) as 100 times MR
divided by ZROD; and

3) the % Response at a specific time £ (% Response(tij} as

100 times the quantity, ZROD minus the Response-Area
Optical Density at time t (ROD(t}), that resultant

quantity divided by MR.

? Figure 4 is a plot showing the three microphotolysis
% Response curves which are generated by application of the
definitions in Figure 3 to the three Response-Area Optical

Density curves in Figure 1 and Figure 2.

13
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exposed: to various osnotic solutions to deternmine henolysis. These Osnotic

Fragility tests are generally perforned in el atively large test tubes or
cuvettes using parallel light for activation. Likew se, current

phot oherol ysis research nmethods Are also "macro" techniques in that
mlliliter quantities of blood are exposed to photoactivation, and |ong

analysis tines are required to obtain a single neasurenent. Photoactivation
of red

~
~

Figure 5 is a plot showing a repeat of the micfaphoigiysis'
Response curve (open circles) of Figure 4 as the graphical
:ﬂ?ﬂis for definition of:

1) the response half-time (T,,,) as the period from the
beginning of cell-attack to the time of the 50-percent
response value, and

2} the largest slope of the % Response curve as the Slope

at time t = Tuz'

Figure 6 is a plot showing the % Response curve (mean * SEM)
or microphotolysis on day 1 at 7 hours (circles), day 2
(squéres), day 3 (triangles), day 4 (diamonds), and day 5
(inverted triangles) after collection of red blood cells from

four rabbits.

Figure 7 is a plot showing the % Response curves (mean %
fSEM) for the effect of cell-attack stimuli of 105 Joules/cm?
f(open squares), 126 Joules/cm® (filled squares), 159 Joules/cm?
}(open triangles), 168 J/cm? (filled triangles), 210 J/cm’ (open
diamonds), and 210 J/cm? (filled diamonds) on rabbit (N = 3) red

1blood cells.

Figure 8 is a plot showing the % Response curves (mean %
I SEM) for microphotolysis of 3% (circles), 4% (triangles), and 5%

f (squares) concentrations of rabbit (N = 4) red blood cells.

14
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bl ood cells incubated with 0.1mM of protoporphyrin as a "cell- attack”
agent requires about twenty mnutes of illumnation tinme to achieve a
nodest 20% henolysis while a 100% henol ysis requires 25-m nute or | onger
exposure. Simlarly, nore than twenty m nutes of |ight exposure is needed
wi t h pheophorbide as the cell-attack agent to give about a 90% henol ysi s.
Li ght exposures of 3-4 hours are needed wi th eosin-isothiocyanate as the
cell- attack agent to give nmaxi mal henol ysis which occurs about 11 hours
after photoactivation. Al of these current nethods require extended tine
periods primarily because they use

~

Figure 9 is a plot showing the % Response curves (ﬁean x
gM) for microphotolysis of rabbit (N = 3) red blood cells that
fad been separated from whole blood (circles} and for red blood

.ells in whole blood that contained plasma and other cells such

s platelets or white blood cells (triangles).

e e

Figure 10 is a plot showing the % Response curves (mean %
EM) for microphotolysis of rabbit (N = 4) red blood cells on day
(circles), on day 5 after the red blood cells had been washed
nd reconstituted with buffer and FITC~dextran (diamonds), and on
day 5 after the red blood cells had been washed and reconstituted

with buffer but not FITC-dextran (squares).

Figure 11 is a plot showing the % Response curves (mean #
EEM) for microphotﬁlysis of rabbit (N = 4) red blood cells that
had been prepared in standard buffer with glucose and albumin
(squares), buffer with glucose but not albumin (filled diamonds),
tbuffer with albumin but not glucose (triangles), and buffer

dwithout albumin and glucose (circles).

Figure 12 is a plot showing the % Response curves (mean #
SEM) for microphotolysis of rabbit (N = 6) red blood cells which
had been previously incubated for one hour with diamide at a

feoncentration of 5.0 milliMolar (diamonds), 0.5 mM (squares),

0.05 mM (circles), or 0.00 mM (filled triangles), with cell-

15
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unfocused light which l[imts the activation to |ow |ight power densities.
Al of the current Gsnotic Fragility and Phot ohenol ysis nethods require

mul tiple dilutions, centrifugation, and analysis in a spectrophotoneter to
gi ve single neasurenents of a percent cell henolysis. Thus, the current
clinical and research nethods are tine consum ng, and sinultaneous

| i ght-dose and tinme- dependent rel ationships are next-to-inpossible to
obtain fromone bl ood sanple. Sone researchers have used a |ight scatterlng
deV|celto detect photohenol ysis. Eowever, this device is very

Ietack stimuli of 180 J/cm? (rlght panel) and 90 J/an (left

"Lnel) .

Figqure 13 is a plot showing the % Response curves (mean #

EM) for microphotolysis of rabbit (N = 5) red blood cells which
ad been previously incubated for 20 minutes with Chlorpromazine
it a concentration of 100 microMolar (circles), 30 pM (diamonds),

|0 uM (squares), and 0 puM (filled triangles), with cell-attack

Ftimuli of 180 J/cm? (right panel) and 90 J/cm® (left panel}.
Figure 14 is a plot showing the % Response curves (mean %
EEM) for microphotolysis of rabbit (N = 6} red blood cells which
had been previously incubated for one hour with gluteraldehyde at
concentration of 0.02% (circles with dashed line), 0.01%
{diamonds), 0.005% (triangles), 0.0025% (squares with dashed

line), 0.00125% (circles), and 0.000% (filled triangles).

Figure 15 is a bar graph showing the Percent Maximal

Response (MR%) and the T,,, and Slope values of the % Response

1/2

curves for microphotolysis of red blood cells from 5 normal

control Sprague-Dawley laboratory rats (C) at 248 * 3.6 J/cm?, 3

fstreptozoticin~induced insulin-dependent diabetic Sprague-Dawley

frats (D) at 245 % 4.1 J/cn?, and 6 diet-induced

Hhypercholesterolemic Sprague-Dawley rats (H) at 249 % 2.7 J/cm?®.

16
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sensitive to very small changes in red blood cell concentrations, and this
device requires a nonolayer of red blood cells with a red cel

concentration of |less than 0.00025% which is extrenely difficult to achieve
even by current mcropipetting systens. Even then, this cell nonol ayer

method is quite tinme-consum ng since 100% henol ysis requires 4 hours with
phl oxine B as the cell-attack agent.

'

Figure 16 is a dar graph showing the Peccent Muxinal
Responsé (MR%) and téﬁrﬂhﬂ and Slope values of the % Response
.;urves for microphetxlysis of 0.5% to 3.0% concentrations of
Euman (N = 3) red DIaod cells. One subject received a cell-
pttack stimulus of 2es 3 0.3 J/cm?, the second subject received

Bao £ 1.1 J/cm®, and the third subject received 198 * 1.3 J/cm?

¥or all five cell concentrations.

Figure 17 18 a har graph showing the Percent Maximal
[Response (MR%) and the T,,, and Slope values of the % Response
curves for microphotolysis of human (N = 5) red blood cells which
had been previously incubated at 4° C FOR ONE BOUR with
pentoxifylline (PTFX) copcentrations of 10 milliMolar (filled
bars), 1 mM (striped bars), and 0 mM (clear bars). One subject
LGSEiVEd a cell-attack stimulus of 658 * 6.6 J/cm?, three
subjects received 329 t 1,9 J/cm?, and one subject received 196 %

0.7 J/cm? for all thrae pentoxifylline concentrations.

Figure 18 is a bar graph showing the Percent Maximal
Response (MR¥) and the T,, and Slope values of the % Response
curves for micerthOlysis of human (N = 5) red blood cells which
had been previously jpcubated at 4° C FOR TWENTY-FOUR EOURS with
pentoxifylline (PTFX) concentrations of 10 milliMolar (filled

bars), 1 mM (stripad bars), and 0 mM (clear bars). One subject

received a cell-attack stimulus of 641 * 3.3 J/cm?, three
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SUMMARY COF THE | NVENTI ON The present invention includes a new

“m crophotol ysis" process to apply precise quantities of focused |ight
energy to a precise mcroscopic area of a very small cell sanple (a cel

m cro-sanple of less than 25 [err]l) to activate a chem cal agent which
then attacks the nearby cell nenbranes. The present invention includes a
new "m crophot oanal ysi s" process which neasures, as a function of tine, the
preci se degree,of cell disruption which is caused by the photoactivated
chemical in the mcroscopic area of cell-attack. This procedure gives a

ubjects received 330 % 1.7 J/cm®, and one subject received 205 %

.7 J/cm® for all three pentoxifylline concentrations.

Figure 19 is a bar graph showing the Percent Maximal

esponse (MR%) and the T,, and Slope values of the % Response
lurves at cell-attack stimuli of A = 243 % 2.9 J/cm® (clear
’ars), B = 400 % 3.6 J/cm® (striped bars), and C = 642 % 4.0

our female and three male African-Americans who had no clinical

E/ m? (filled bars) for microphotolysis of red blood cells from
gndlcators of sickle-cell disease.

Figure 20 is a bar graph showing the Percent Maximal
Response (MR%) and the Ti2 and Slope values of the % Response
furves at cell-attack stimuli of A = 247 % 1.1 J/cm? (clear
bars), B = 395 * 5.5 J/cm? (striped bars), and C = 643 % 4.0
E/cnﬁ (filled bars) for microphotolysis of red blood cells from 2

female and 3 male African-Americans with clinical diagnosis of

sickle-cell disease but not hemoglobin~F abnormality.

Figure 21 is a bar graph showing the Percent Maximal

Response (MR%) and the Ty and Slope values of the % Response

;
curves at cell-attack stimuli of A = 253 * 2.8 J/cm® (clear

bars), B = 399 * 4.6 J/cm? (striped bars), and C = 661 % 2.1
J/cm? (filled bars) for microphotolysis of red blood cells from 1
female and 1 male African-Bmerican with clinical diagnosis of

'sickle-cell disease and hemoglobin~F abnormality.
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quantitative, tine-related, |ight-dose dependent neasure of cell fragility.
The present invention (called the M crophoto Lysis-Analysis process) has
several advantages over other current nethods which give relatively

i npreci se estimtes of cell deformability or cell fragility. The M crophoto

Lysi s- Anal ysi s process uses focused light to activate the cell-attack
chemcal only in '"a very smal

ve\1%
figure 22 is a photomicrograph showing tle Lectanngar area_g%¢

fpcell—attaCk for a cell micro-sample before activation as seen

the top left panel, 20 minutes after the start of activation
;?Been in the top right panel, 40 minutes after the start of
;&£ivation as seen in the bottom left panel, and 60 minutes after

.he start of activation as seen in the bottom right panel.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Equipment Configquration

The present invention can use any light microscope (Zeiss
model 20~T preferred) with a 75-300 W arc lamp (100 W mercury
preferred) for epi-illumination of the cell micro-sample through
the microscope objective lens and a 50-300 W arc or halogen lamp
}(100 W halogen preferred) for transillumination of the cell
émicro—sample through the microscope condenser. A television
camera with external control of target voltage (a charged-
coupled-device (CCD) camera preferred) is required with a
microscope eye-piece attachment for adequate microscope-image

{capture, videorecording, video monitor display, and analysis of
microphotolysis. Any standard videocassette recorder (Panasonic
model 6200 preferred), time-date video-insertion generator
{(Panasonic model 810 preferred), and moderate resolution
television monitor (at least 600 horizontal lines preferred) can

be used.
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defined area of a cell mcro-sanple. Thus, nultiple mcro-sanple reas can
be used to obtain multiple photoactivations with one area as an unactivated
control in a single mcro-sanple. Also, ach mcro-sanple area is anal yzed
bef ore photoactivation to rovide its own control value for determ nation of
the lysis esponse. In contrast to other nethods, this nmultiple-activation
el f-control feature of the present invention provides an energy-dose

| ysi s-response” test to give very precise tine- related measurenents of
cell nmembrane—fragility. Unlike other nethods, the use ef—f-ocused |ight on

a snal |

The present invention can use any light—miczoscopy'objective
(UMK 50X i;iss with 0.60 numerical aperture preferred) that

a variable built-in lens diaphragm, any microscope tube

;tor (1.25X preferred), any X-Y coordinate movable microscope

ge (Zelss 20-T standard preferred), and any brightfield

stage condenser (Zeiss 20-T standard preferred). The present

ntion requires a microscope filter cube (Zeiss model I-2
ferred) with a band-pass filter (450-490 nm preferred), a
hroic mirror (510 nm preferred), and a long-pass barrier
ter (515 nm preferred) to match the pxcitation and emission
quencies of the chosen light-activated cell-attack

orochrome (FITC preferred for external cell-attack as

scribed below}.

The epi-illumination light pathway through the microscope
st have provisions for a variable circular diaphragm, a fixed
ictangular diaphragm (4.0 x 3.5 millimeter aperture preferred),
td a neutral density filter carrier between the epi-illumination
lght source and the microscope filter cube to permit graded and

jown decreases in the amount of fluorochrome excitation light

lergy at the cell micro-sample on the microscope stage.

The transillumination light pathway through the cell micro-
ample must have provisions for a circular field diaphragm (22 mm

Lameter aperture preferred), a circular field light-limiter (7.5

n diameter aperture preferred), and a color filter (green
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area of a cell mcro-sanple in the present

I nvention only requires

relatively short photoactivation tines of 2 to 10 minutes with a short

ti me, depending on the cell popul ation,
cell lysis. Thus, the present
m crophot ol ysi s response curve to nmeasure the rate of cel
total neasurenent tine of

of 25 mcroliters ([err]1).
(doses) of vari’ous drugs can be added to the cel

s
- -
crr

fe microscope stage.

Microscope Calibration Procedure

The present invention includes a new microscope light~

ight exposure.”

radiometer).

electrical power equivalents of milliwatts.

i

To begin calibration of the transillumination pathway, a

positioned on the stage of the microscope.
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| ess than one hour on a single cel
In the present invention, precise quantities
m cro-sanple to test for

of 30 to 60[err]mnutes to conpl ete
i nvention provides a first-ever conplete

lysis within a

~

-

nounts of frequency-specific light energies which are

)y any of several instruments (such as an EGG model 580

m cr o-

-

Lferred for red blood cells) between the trancillumireticen
ight source and the substage microscope condenser to permit

introl of background light energy at the cell micro-sample on

slibration procedure to provide cell exposures to specific
hantitated as "light power density" multiplied by the "time of
rye the independent adjustments of the epi-illumination and

ransillumination light pathways to give a specific light power

rom each pathway to a specific area at the cell micro-sample

The preferred instrument is a model 61 United

fechnology (UT) Optometer which measures light power in the

sanpl e

In the following procedure, the critical steps

then the cell micro-sample is "in focus" on the microscope stage.

ight power at any specific point in a light path can be measured

lass microscope slide is covered with a glass coverslip and is

The epi~illumination

athway is blocked by closure of the variable circular diaphragm.



the effect (efficacy) of these drugs to inprove cell fragility. Thus, the
present invention can provide a first-ever conplete ' dose-response
anal ysis for six drug doses on a total blood 'specinen of 150 [err] 1.

Unli ke the other methods, the present invention (new rocess) requires no
further cell manipulation after the mcro- sanple is placed in the

sanpl e-carrier. The new process is easy

——

ferer adjustment of the objective lens to briug Lhe glasgnslide
Eto focus on the microscope-attached television camera tube, the
field diaphragm of the transillumination pathway is adjusted to a
'Larly cl&sed position (a pin-hole opening} and the substage
ondenser is raised to bring the pin-hole opening of this field

japhragm into focus. The x~y adjustments of the substage

ondenser are then used to center the pin-hole opening of this

field diaphragm in the microscope field-of-view.

The lamp power supply for the transillumination pathway is
?djusted to approximately 9.2 volts. The light power is measured
4t the exit of the field diaphragm light-limiter, and the field

jiaphragm is opened until the light power at the exit of the

light-limiter plateaus to give a value of 1.08 to 1.88 (1.48
Ergferred) milliwatts. If the plateau light power is too high or
]

low at the light-limiter, the voltage of the lamp power supply

hould be adjusted. The light power is then measured at the

i

Flass slide on the microscope stage, and the built-in diaphragm
of the substage condenser is partially closed to give 0.044 to

@.052 (0.048 preferred) milliwatts of transilluminated light

&ower at the glass slide.

To begin calibration of the epi-illumination pathway, a drop

jof fluorescein diacetate (1.0 mg/ml concentration) is placed on a

g

IS e

glass microscope slide and is covered with a glass coverslip.

The slide is placed in a sample carrier which is positioned on

<

22

This Sheet Has Been Replaced

(T




to performw th easy-to-conduct tests of reproducibility by repeated

phot oactivation in a second mcro-sanple area. The new process gives a

m crophot ol ysis that depends only on the light- activation energy and on

the concentration and formul ati on of the cell-attack chem cal. The new
process is not conplicated (as are other nethods) by variations in sanple
tenperature (fromthe Iight source) which could increase Browni an cel

notion to confound the |lysis neasurenents, or by non-specific effects of

ot her bl"™od constitUents suchas- pIaSﬁa~rﬁ—%he—eell m-e€+o- sanpl e. Thus,_.the
new process creates a very specific light-related

jevision field-of-view), and is adjusted to a value of 0.39 to
41 (0.40 preferred) milliwatts by partial closure of the
japhragm in the objective lens. (If the light power is too low
A this point, the epi-illumination light bulb has aged and

hould be replaced.)

Neutral Density (ND) filters are then placed one at a time
m the epi-illumination pathway to provide calibration of
?aduated decreases in epi~light power at the focal plane of the
bjective lens. Nominal epi-light power values are 0.30 ~ 0.32
illiwatts for an ND of 0.1, 0.18 - 0.20 milliwatts for an ND of

.3, and 0,10 -~ 0.12 milliwatts for an ND of 0.6.

The amount of epi~illumination, which is used to provide a
Eight-stimulated attack to disrupt cells in a micro-sample
idescribed below) on the microscope stage, is guantitated as a
;ight energy density (ED) which equals epi-light power at the
hicro~-sample, multiplied by time of epi-light exposure, divided
Oy the micro-sample area of epi-light exposure. For the above-
Eescribed equipment configuration and calibration procedure, the
area of epi-light exposure is determined by the fixed rectangular

diaphragm which has a projected image area of 0.000175 cm?

!140.91 ym x 124.24 pym) at the focal point of the microscope

ébjective lens.
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activity only in the area of focused light-activation. The new process can
measure alterations in cell nmenbrane fragility due to changes in nenbrane
characteristics that are created by a cell-attack agent that remains and
becones activated only outside the cell (an extracellular agent). The new
process can neasure alterations in cell nenbrane fragility due to changes
in internal cell structures that are created by a cell-attack agent that
crosses the cell nmenbrane to attach to internal cell structures where the
agent becones=ptiot oacti vated. Thus, the new

~ A common unit for light energy denalty ic Ccules/-m? where
Le Joule equals the total energy that is released in one second
y a one—ampere current flowing through a one~ohm resistor (which
P electrically equivalent to one watt or 1000 milliwatts of
twer for one second). For the above-described calibration
Locedure, the epi-light power is measured as milliwatts (mw) by
' fe UT Optometer, and epi-exposure time is measured in 0.01
nute increments by the time-date wvideo-insertion generator.
e following formula is used to convert these measured units
\to epi-light energy density (ED) with'units of J/cm® (i.e.

]
bules + cm?):

%ght Energy Density = Light Power x time + area; or

iules/cm = Watts x Seconds + cm?; or

;\(J/cm ) = (mw + 1000) x (minutes x 60) + (0.000175 cm?); or
3 (J/cm?) = (342.86) x (mw) x (minutes) + 1 cr?.

The above-described calibration procedure gives the
bllowing epi-light energy densities (ED at the focal point of
he microscope objective lens) which result from use of the

referred epi-illumination neutral density (ND) filters:
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10 process can provide first-ever detection of diseases that alter only the
cell nmenbrane, system c di seases which alter only the internal cel
conposition, and cell alterations due to drug treatnments. The energy | evel
for activation of an intracellular agent will in part depend on the
anti-oxidant status of the cell. Many cells such as red blood cells usually
carry oxygen and these cells maintain a well devel oped anti-oxi dant system
to protect the cell against auto-oxidation. O her current techniques to
assess cell fragility or deformabitity cannot

? _ND _POWER (mw) ED (Joules /cm?)
0.0 0.40 137.14 x exposure mins
0.1 0.32 109.71 x exposure mins
0.3 0.20 68.57 x exposure mins
0.6 0.10 34.29 x exposure mins

. lypical exposure times are 2 to 10 minutes to give final
radations in the epi-light energy density over a range of 68.58

1
o 1,371.40 J/cm? for light-stimulated attack to disrupt cells in

' micro-sample on the microscope stage..

The last step in microscope calibration is adjustment of the
amera target-voltage when the cell micro-sample is first placed
En the microscope stage. This adjustment qualitatively positions
he camera target-voltage (baseline target current) at
Epproximately the midpoint of the linear voltage range to give a
easonable teleVLSlon picture for the transilluminated-light
E age of the cell micro-sample. Quantitative measurement of this
starting camera voltage is not reguired because subseguent
Changes in light-intensity at the camera target are measured as a
ercentage change in camera target current, which is independent

of the starting target voltage when that target voltage is in the

rp'mrfw-.vr.-r’

linear voltage range of the camera.
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al so assess anti-oxidant activity because these other nethods do not induce
oxi dation reactions within the cell. The present invention can neasure the
difference in cell fragility due to photoactivation of specific external
and internal chem cal agents as a new nethod to determ ne the status of the
anti-oxidant systemin the cell. The present invention is a new

"m crophotol ysis and m crophot oanal ysis process” which uses a new

conbi nati on of generally avail abl e equi prent in a new sequence of new

pr ocedur es, “SoOrUTTONS, —anmd—new—prepat-at+onrs—SUVMARY OF THE I NVENTION It is

an object of the present invention to aneliorate one or nore disadvantages
of the prior art.

Cell Collection Procedure

Arterial, venous, or mixed capillary (finger stick) blood
ban be used for microphotolysis of red blood cells. The data in
this patent report were obtained from standard venipuncture of
the antecubital vein in awake humans and the ear vein of awake
:New Zealand white rabbits (2.5-4 kg) to collect blood (typically

1-2 ml) into sterile tubes which contained citrate to prevent

clotting.

Blood is stored in a 0-4° C refrigerator before preparation
of blood specimens and cell micro-samples. All cell and solution
procedures use only sterile disposable pipette tips,
Emicrocentrifuge tubes, bottles, stoppers, and labware to prevent

fcell contamination and infection.

Buffer Solution Preparation

Subsequent blood dilutions (described below) are done with a
‘typical buffer . solution consisting of 7.6 g/l NaCl, 0.26 g/l
NaBPO, - H,0, 1.28 g/l Na,HPO,, 4 g/l glucose, and 5 g/l bovine
serum albumin. Buffer solution pH is adjusted to 7.4 (normal
blood pH) by addition of 1N NaOE. Thé final osmolality of this
buffer solution is 311 mOsm (near normal blood pH). Other buffer
! 8olutions can be used; however, glucose and albumin are necessary

ingredients to stabilize the cell preparation and to provide
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According to one aspect of the present invention there is provided a

m rcophoto |ysis-anal ysis process for neasuring the strength of a cel
menbrane and detecting abnormalities thereof by applying precise quantities
of a first focused |light of selected frequency and energy density to a
preci se mcroscopic area of a cell sanple containing test cells for
measuring as a function of tinme the precise degree of cell disruption

appl ying a second focused |ight of second sel ected frequency and energy

density 'to said cell sanpte—thereby—phote-activating a |ight activated_ ...

cell-attack fluorochrome for attacking cell menbranes in said mcroscopic
area of light-stinulated cell-attack providing a quantitative, .
time-related, light-dose dependent measure of cell -fragility, ‘conprising
the steps of: suspending test cells whose nmenbrane strength-are to be -
estricted-permeability molecules for control of transcellular
ater movements which can affect the subsequent microphotolysis
yrocess. Likewise, a final osmolality of 295-315 mOsm is
ritical since overall buffer solution osmeolality also affects

he rapid phase of transcellular water movements.

The final step in buffer solution preparation is wvacuum
gspiration of the buffer solution through a sterile 0.2 micron
'algene filter to remove any bacteria or other particulate

ontaminants. The filtered buffer solution is allocated into

terile glass bottles (20 ml preferred) with rubber stoppers for
ubsequent cell-specimen preparation.

Fluorochrome Solution Preparation
The type of light~activated agent that is used for cell

attack is specific to the type of cell to be analyzed, and there

ﬁs more than one type of cell-attack agent for any one cell type.

or example, phloxine B, eosin-isothiocyanate, pheophorbide, and
rotoporphyrin have previously been used for photohemolysis in a
elatively large-volume cuvette. The preferred cell-attack
fluorochrome for damage of red blood cell membranes by

icrophotolysis is fluorescein isothiocyanate (FITC) which is

the cell, and there is little blood absorption of light energy at
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nmeasur.ed in a physiological salt solution of selected osnolality formng a
cel | containing solution; adding an inactive |ight activated cell-attack
fluorochrone to said cell containing solution, said inactive cell-attack

fl uorochrone conprising nol ecul es absorbing light energy in a known range
of excitation frequencies producing a photosensitive chem cal solution;
preparing a mcro-sanple of said photosensitive chem cal solution
containing said test cells; identifying a | ocalised mcroscopic area within
said m-cro-sanple of said photosensitive solution; applying a specific
anount of the focused first frequency-specific light energy in the cel
absorption range to said mcro-sanple of said photosensitive cthem cal

sol ution, exposing said cell(s) in said photosensitive chem cal solution to

said first fregueney:snaGihi frdgdudily Q2CREY daBbndtéis:  Thus, "the
easured light energy which is projected onto the micro-sample

ives a precise amount of activated FITC as a cell-attack agent.

The FITC-dextran is mixed with a 0.9% NaCl solution to give
\n FITC-dextran concentration of 50 mg/ml. In the subsequent
tell micro-sample, the final FITC-dextran concentration in the
hicro-sample should be in the 2-8 mg/ml range to give the best
light-activated cell-attack stimulus for microphotolysis of red

hlood cells. ¢

Cell Specimen Preparation

Microphotolysis can be applied to different types of cells,
and the cell-separation part of the cell preparation procedure
AN

ill depend on the cell type. The following describes the

procedure for red blood cells.

The refrigerated blood is inverted gently to mix the blood,
fnd is then diluted (1 to 1) with equal parts of the buffer
;olution. A small amount (80 to 100 pl) of the diluted blood is
ldrawn into a microhematocrit tube which is spun in an IEC MB
hematocrit centrifuge at the recommended speed to compact the red
blood cells toward one end of the micrchematocrit tube. The

length of the compacted red blood cells is then measured to give

the hematocrit (% cells) of the diluted blood.
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This is the replacenent sheet sel ected period of tinme for determning

| i ght absorption by intact test cells in said |localised mcroscopic area of
said mcro-sanple at any tinme period; determining the |ight absorption and
nunber of intact test cells in said |ocalised mcroscopic area by measuring
t he amount of said first frequency-specific |light energy passing through
said cells in said mcro-sanple of said photosensitive chem cal solution in
said | ocalised mcroscopic area; applying a specific anount of t he focused
second frequesey-specific

-
" - N

The final cell-specimen is a combination ofréhe dilu%éé
K1o0od, FITC-dextran, a test drug (if any), and the buffer
®olution to give a cell-specimen volume of 1 ml with a

omposition of 0.5 to 6.0% red blood cells, 2.0 to 8.0 mg/ml

ITC-dextran, 0 to 10 mg/ml of test drug, and the remainder as
puffer. As an illustration, a cell specimen with 4 mg/ml of
FITC-dextran (which comes as a 50 mg/ml fluorochrome solution as
KMescribed above), 3% red blood cells (which comes from a diluted
blood solution with 25% hematocrit), and 3 mg/ml of test drug
iwhich comes as a 20 mg/ml solution) is: obtained by mixing 0.08
ml (calculated as 4/50) of the fluorochrome solution, 0.12 ml
(calculated as 3/25) of the diluted blood, 0.15 ml (calculated as
3/20) of the test drug solution, and 0.65 ml (calculated as 1.0 -
0.08 - 0.12 ~0.15) of the buffer solution. Based on this
approach, individuai, or combinatisns of, soluble materials or
drugs can be tested for an effect on cell response to

microphotolysis by standardized light—activated cell-attack

stimuli.

Cell Micro-Sample Preparation

Any type of small volume {50 pl or less) chamber of
?transparent water-impervious material, such as plastic or glass,
ECan be used to give a cell micro-sample on the microscope stage.

|
The crucial aspect is a chamber and filling procedure that

Prevents micro~sample loss of water (which would change the cell
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i ght energy in the fluorochrone-excitation range for a selected tine in a
selected tine interval at a selected different wavel ength than said first
frequency-specific |ight energy, said second frequency-specific |ight

ener gy photo-activating said photosensitive chem cal solution formng a
cell-reacting nmedium reacting said cell-reacting nmedium containing said
test cells in said |ocalised mcroscopic area disrupting the cell nmenbranes
of said test cells pern1tt|ng | oss of said cell contents and changi ng the
absorption of sarg fiTst—freqguency-specific light energy by said test cells
in said | ocalised mcroscopic area; analysing the strength of sald cel
menbrane quantitatively by conparing the amount of said first.
frequency-specific |ight energy passing through said t-est celks-in sard

M cro- sanpl Beabteampiecrenstdkpent crpoentretions dodakkarofiief r equency- specific
| i ght ener gy,

cropﬁktoly81s) The following describes a simple new micro-

ample preparation.

A hemacytometer (Neubauer preferred) and cover slip are
terilized in alcohol and air-dried. As a novel approach of the
bresent invention, four Kerr absorbent points (dental cotton

ticks for cavity preparations) are placed in a 0.9% NaCl
Eolution to saturate them. A fine forceps is then used to place
two saturated Kerr points in each side-yell of the hemacytometer,
uith care to ensure that no Kerr point £ouches the inside edge of
the hemacytometer trough (otherwise, the solution in the Kerr
points would dilute the micro-sample constituent concentrations).
Ehe saturated Kerr points are a novel approach to provide a
"saturated” water vépor pressure to "replace" any potential loss
of\micro—sample water by evaporation through the entrance of the

hemacytometer chamber to the atmosphere.

A small drop-dispenser is used to pick up a solution of 2.5
i3/l globulin (made in distilled water), and this solution is
fapplied to coat the coverslip rests of the hemacytometer. The
coverslip is placed on the hemacytometer rests and is lightly
jtapped to seal the coverslip to the globulin-coated hemacytometer
Tests. This is a novel approach of the present invention to

jreduce evaporation of water from the cell micro-sample. In the

Customary approach, the coverslip just lays on the hemacytometer
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the amount of said first frequency-specific light energy passing through
said test cell(s) in said mcro-sanple before micro-sanple exposure to said
second frequency-specific light energy for determ ning |ight absorption by
remai ning intact test cells in said |ocalised mcroscopic area at sel ected
time intervals; and coordi nating and conparing the above test results to
val ues for normal cell(s) to neasure changes in cell fragility. According
to anot her aspect of the present invention there is provided a m crophoto
| ysi s-anal ysi s process for measuring the strength of a cell menbrane and
detecting abnormalities thereof by applying precise quantities of a first
focused |i ht of selected frequency and energy density:.to a precise

m croscopi _h_'aﬁr €8 WifthBu€alde 88NDIsRaCAM.AI B t‘9§égﬂ%|r11§1é§)rlnneﬁ§u“ ng as a

function of ¥ ne the preeise degree of cel
nyests” leave small openings between the coverslip and the

"wrests."” The use of a globulin solution in the present invention
to seal these small openings is a novel approach to prevent

e\}aporative water loss from the cell micro-sample.

' The cell micro-sample solution is gently mixed by inversion
of the solution wvial. A sterile transfer pipette is used to
aspirate the cell micro-sample solution from the wvial and to
apply 22-25 ul of the solution to the opening of the
jhemacytometer/coverslip chamber. Capifiary action draws the cell
micro-sample solution into the hemacytometer chamber (which has a

preferred depth of 0.1 mm to standardize the number of cell

layers).

The hemacytometer is then placed in a sample carrier which
is positioned on the microscope stage. At this point, the
transillumination light pathway is opened (by removing the opaque
filter from the field limiter) and the cell micro-sample is
brought into focus. The television camera target-voltage is
adjusted to the midrange (described above in the microscope

calibration procedure}.

32

This Sheet Has Been Repl

A

I



di.sruption, applying a second focused |ight of second sel ected frequency
and energy density to said cell sanple thereby photo-activating a |ight
activated cell-attack fluorochrone for attacking cell nenbranes in said

m croscopic area of light-stinulated cell-attack providing a quantitative,
time-related, |ight-dose dependent neasure of cell fragility, conparing the
steps of: suspending test cells whose nenbrane strength are to be neasured
in a cell containing solution; adding an inactive |light activated
cell-attack. fluorochrone to said-cell containi-hg—solution  said jpactiive

cell-attack fluorochronme conprising nol ecul es absorbing Iight energy in a
known range of excitation frequencies producing a phot-qsensitive chem cal
sol ution; prepafing a mcro-sanple of said photosensitiive chen1cal'solution

ntai ni n i | i dentjfyin liz ol
conta g said test ce Eérog gtgly X ééfi-Aggggk ngcedure

The television~microscope images in the following procedure
lare video recorded for post-procedure analysis. (These images

Fan also be analyzed on-line at the time of the procedure.)

A five-minute waiting period is used for cells to settle in
the micro-sample hemacytometer chamber. Room temperature is
&ecorded.and hemacytometer temperature is kept at 23.5 to 24.5° C
&o minimize Brownian motion of the red blood cells in the cell
;&cro-sample. The cells are brought to focus during
transillumination to give a control reading of "background
optical density" for the cell micro~sample. Then, the
transillumination pathway is closed by placing the opaque filter

on the field limiter.

The time~date video-insertion generator is reset to 0.00
time (in minutes) and is started at the instant that the epi-
illumination light pathway is opened (by removing an opaque
filter from the epi~-light pathway). The focus of the fluorescent
image is checked and readjusted if necessary. The epi-
‘illumination is left on for the necessary time (1 to 6 minutes
Preferred) with a preselected neutral density filter in the epi-
'1ight pathway to give a desired cell~attack stimulus which is

‘measured as an epi-illumination energy density in Joules/cm® (as

Edescribed above in the microscope calibration procedure). At the

33

This Sheet Has Been Repl

T




m croscopic area within said mcro-sanple of said photosensitive solution
applying a This is the replacenent sheet 12 specific amunt of the
focused first frequency-specific light energy in the cell absorption range
to said mcro-sanple of said photosensitive chem cal solution, exposing
said cell(s) in said photosensitive chem cal solution to said first
frequency-specific light energy for a selected period of tine for
determning |ight absorption by intact test cells in said

,
-
-
oo ~

#nd of the cell-attack stimulus timé, the epi-illumina*tion .
jathway is closed (by placing the opaque filter in the epi-light

fathway), and the transillumination pathway is opened (by

Eemoving the opaque filter on the field limiter) to give cell

.'cro—sample images. These cell images are recorded until lysis
;disruption of cells) has reached a maximum (less than 5 intact
cells remaining in the rectangular epi-illumination area} or 60

inutes has elapsed, whichever occurs first.

At this point, the hemacytometer cell micro-sample is

repositioned manually on the microscope stage to give another
icro-sample area for application of a second cell-attack
stimulus. This procedure allows many measurements of
icrophotolysis at different cell-attack levels (epi-illumination
fngrgy densities) on each cell micro-sample. Bemacytometer grid
etchings are used to identify the location of each cell-attack
area which prevents inadvertent overlap of cell-attack areas in

multiple microphotolysis procedures on the same cell micro-

sample.

Microphotoanalysis Preocedure

After the cell micro~sample (in the hemacytometer) has been
bPlaced on the microscope stage, there is a five-minute period for
cells to settle in the micro-sample chamber. At this point,

transillumination gives a relatively dark speckled-image of the
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| ocal i zed microscopic area of said mcro-sanple at any tinme peri od;
determ ning the |ight absorption and nunber of intact test cells in said
| ocal i zed m croscopi c area by nmeasuring the amount of said first
frequency-specific |ight energy passing through said cells in said
m cro-sanpl e of said photosensitive chem cal solution in said |ocalized
m croscopi ¢ area; applying a specific anount of the focused second
frequency-specific light energy in the fluorochrome-excitation range for a
selected tine in a selected tinme interval at a selected different
wavel ength than said first frequency-specific |ight energy, said second
frequency-specific |ight energy photo-activating said.photosensitive
chem cal solution fornmng a cell-reacting medium reactiing said
cell-reacting nedlun1contalggng:ia id.tes ceIIs i said’localized

et

m croscopi ¢ dpeeratPaFRAst itAg BY451R8nbt &t ST ot 1 ¥k gThe speckled

ature of this image is caused by the presence of red blood cells

ith a biconcave shape, as shown in Fiqure 22.

This transillumination speckled-image area (which is 6 to 10

+imes larger than the epi-illumination rectangular diaphragm

: area) is digitized (Image Technology digitizing board preferred)

to give a digital image with 512 x 512 pixels (1024 x 1024 would

lincrease analysis precision) with a digital value between 0 and
?255 to represent the light intensity of each image pixel. The
‘mean of ALL pixel values in this speckled image is calculated as
a micro-sample "background light intensity {BLI)" with a value

f between 0 and 255 (a typical value is 100 to 150).

N As described above (section on Microphotolysis Cell-Attack
Procedure), the epi~illumination light pathway is opened (by
removal of the opague filter) for a pre-selected time to activate
a cell-attack stimulus within the epi-illumination rectangular
area on the cell micro-sanple image. Then, the epi-illumination
light pathway is closed. Transilluminated micro-sample images
are then digitized at 30-second intervals over the next 60
minutes (or until there are 5 or fewer intact cells within the

rectangular cell-attack area in the image).
After exposure to the epi-illumination rectangular area of
cell~attack stimulus, the part of the cell micro-sample that was
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test cells permtting loss of said cell contents and changing the
absorption of said first frequency-specific light energy by said test cells
in said | ocalized mcroscopic area; analysing the strength of said cel
menbrane quantitatively by conparing the anount of said first
frequency-specific |ight energy passing through said test cells in said

m cro- sanple after m cro-sanple exposure to said second frequency-specific
| ight energy, with the anount of said first frequency-specific |ight energy
passi ng through said test .cell(s) in said mcro-sanple before m cro-sanple
exposure to said second frequency-specific |ight energy for determ ning

| i ght absorption by remaining intact test cells in said |ocalised

m croscopic area at selected tine intervals; and coordinating and conparing
the above tg@slodedisbbtandsObyighites Aol lbeéﬂaltscebéc(ﬂ)adt appEmaanee ahanges in

cell fragilifty.
‘function of time in the transilluminated image. This occurs

ecause cells in the cell-attack area lose part or all of their
ontents and their membranes lose functional inteqrity as a

icrophotolysis response to the cell-attack stimulus.

The values of the image pixels in the rectangular
 approximately 60 x 50 pixels) cell-attack area are averaged, and
{his pixel average is compared in successive digitized images for
%0 minutes or until this pixel average Tises to a plateau valune
whlch does not change by more than # 1% for 3 minutes (6 images).

he transillumination image at 60 minutes or the first
ransillumination micro-sample image with a plateau for the
average value of the image pixels in the rectangular cell-attack
area is defined as fhe maximal cell-response image. The 30
highest pixel values (10% of total pixels) in the rectangular
cell~attack area of the maximal cell-response image are averaged

to define a digital value which represents an image area with no

intact cells (called the "total-lysis" light intensity or TLI).

The average value for all pixels in the rectangular cell-
httack area is defined as a "Response-Area Light Intensity (t}"
for each digitized transilluminated micro-sample image. These
Response~Area Light Intensities (RLI(t)) are converted to
relative Response-Area Optical Densities (Response OD(t)) by the

following formula:
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These and ot her inprovenments wll be better understood on reading the
description which follows. BRI EF DESCRI PTION OF THE DRAW NGS A better
under standi ng of the present invention will be had upon reference to the
foll ow ng description in conjunction with the acconpanying draw ngs,
wherein: Figure 1 is a plot showi ng curves for the percentage nunber of
surviving intact human red blood cells (neasured as a relative

Response- Area Optical Density) in two rectangul ar areas of a cel

m cro-sanpl e as @ function of time fromthe beginning of a |ight-activated
cell-attack stinmulus of 245 Joul es/cn2 (open C|rcles) mhlch create '

m crophotol ysis in one rectangul ar area and co -

r r . -
-

Response OD(t) = 100(TLI - RLI(t))/(TLI ~ ELI}, where -

rrI is the total-lysis light-intensity in the cell-attack area of
the transilluminated micro-sample image, BLI is the background
1ight intensity for the entire transilluminated micro-sample
émage, and RLI(t) is the response light intensity as a function
lof time in the cell-attack area of the transilluminated micro-
Isample image. The quantity (TLI - BLI) represents the range of

the average light intensity for the entire transilluminated

imicro-sample image. The zero-time average light intensity of the
'rectangular area before cell~attack (RLI(0}))} can be larger or
;smaller than the average background light intensity (BLI) for the
entire transilluminated micro~sample area. Thus, the zero-time
iIRespox’xse--m:ea OD(0) can be larger or smaller than 100% of the
og?ical density raﬁge for the entire transilluminated micro-
‘sample area. The average Response-Area Light Intensity in the
maximal cell-response image (RLI plateau) can be smaller than the
total~-lysis light intensity (TLI) because some intact cells can
remain in the rectangular area of the maximal response image.
Thus, the minimum plateau Response-Area OD can be larger than

Zero.

Figures 1 and 2 show the Response~Area optical densities as
2 function of time from the beginning of a five-minute exposure
©f human red blood cells to three levels of cell-attack stimuli

{expressed as Joules per centimeter squared). A cell-attack
. 37
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[ 401 joules/cnferr] (filled circles) which creates m crophotolysis in
second rectangular area. Figure 2 is a plot showing a repeat of the curve
(open circles) of Figure 1 for the 245 Joules/cnierr] stimulus and gives a
Response- Area Optical Density curve as a function of tine fromthe

begi nning of a light-activated cell-attack stinulus of 638 Joules/cnferr]
(filled circles) to create m crophotolysis in a third

frimulus of 245 J/cu® gives a Response-Area 0D which decrésces
rom a zero-time value of 105% to a minimum plateau value of 18%
ht 46 minutes after the beginning of the cell-attack exposure
épigure 1). A larger cell-attack stimulus of 401 J/cm® gives a
%Lgponse-Area OD which decreases from 102% to 6% at 31 minutes
.;fter the beginning of cell-attack (Figure 1)}, while an even

' !arger cell-attack stimulus of 638 J/cm®? gives a Response-Area OD
thich decreases from a zero-time value of 91% to a minimum
blateau value of 3% at 37 minutes after the beginning of cell-

ittack (Figure 2). These data show that changes in cell-attack

timulus alter the time-dependent Response-Area 0D curve by
ffecting the magnitude of the maximal OD change, the slope of

the Response~-Area OD curve, and the time to the half-maximal

change in Response-Area OD.

The variation in zero-time Response-Area OD occurs before
fapplication of the cell-attack stimulus and adds statistical
variation to the time-dependent Response-Area OD curve that is
produced by the cell-attack stimulus. To remove the effect of
this attack-unrelated variation in zero-time Response-Area OD,

the following three-step normalization procedure is performed as

illustrated in Figure 3, wherein:
1) The Maximal Microphotolysis Response (MR) is calculated
as the zero-time Response-Area OD (ZROD) minus the
Minimum Plateau Response-Area OD (PROD);
i.e. MR = ZROD ~ PROD.
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rectangul ar area of the cell specinmen that gave Figure 1. Figure 3 is a
pl ot showi ng a repeat of the curve (open circles) of Figure 1 as the
graphi cal basis for definition of: 1) t he Maxi mal M crophotol ysis
Response (MR) as the zero- tinme Response-Area Optical Density (ZROD) m nus
the M ni num Pl at eau Response-Area Optical Density (PROD); 2) the Percent
Maxi mal Response (MR%) as 100 tinmes MR divided by ZROD; and 3) the %
Response at a specific time t (% Response(t)) as 100 tinmes the quantity,
ZROD mi nus the Response- Area

2) The Percent Maximal Response (MR%) is calculated as 100
times the Maximal Microphotolysis Response (MR) divided
by the zero~time Response-Area OD (ZROD};

i.e. MR% = (100} (MR)/(ZROD).

3) The % Response at a specific time t (% Response (t)) is
defined as 100 times the guantity, zero-time Response~
Area OD (ZROD) minus the Response-Area OD at time.t
(ROD(t)), that resultant quantity divided by the
Maximal Microphotolysis Response (MR};

i.e. % Response (t) = (100)(ZROD - ROD(t))/MR.

he Percent Maximal Response (MR%)} is a measure of the percentage
umber of cells which are eventually disrupted in the rectangular
.rea that was exposed to the cell-attack stimulus. The

% Response (t) is a measure of the number of cells which have
been disrupted as of time t in the rectangular area that was
exposed to the cell-attack stimulus, and is expressed as a

percentage of the eventually disrupted number of cells.

As shown in Figure 4, the three % Response curves are
generated by application of the above formulas to the three
Response~Area Optical Density curves in Figures 1 and 2.

The above-described normalization procedure produces time-
dependent % Response curves which change from 0% to 100% after

the beginning of the cell-attack stimunlus, irrespective of the

Variation in the zero~-time Response-~Area OD (ZROD in Figqure 3}.
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Optical Density at timet (RODt)), that resultant quantity divided by MR
Figure 4 is a plot showing the three m crophotol ysis % Response curves

whi ch are generated by application of the definitions in Figure 3 to the

t hree Response-Area Optical Density curves in Figure 1 and Figure 2. 14

r
~ - . «

e

;fﬁese normalized data show that changes in cell~attack stimalus
faiter the time-dependent % Response curves by changing the

jﬁaximum slope and the time to the half~maximal (50%) wvalue of the

curve.

Moreover, Figure 5 repeats the % Response curve (open
fcircles) of Figure 4 for the 245 Joules/cm? cell-attack stimulus
‘to quantitate precise changes in cell response to specific

jevels of cell~attack stimuli by defining:

1) the response half-time (T,,,) as the periocd from the
beginning of cell-attack to the time of the 50-percent
response value, and

2) the largest slope of the % Response curve as the Slope
at time t = Tuz'

Ty is a measure of average cell resistance to disruption by the
cell-attack stimulus. The largest slope is a measure of the
fastest rate of cell disruption at any time after the beginning
of the cell-attack stimulus. This slope provides an index of the
"population variation" in individual cell resistance to
disruption by the cell-attack stimulus. For example, a
population of homogeneous cells, each with exactly the same cell-
resistance to disruption, would give a "step" % Response curve
with a zero-value until time equal to T,/;r and a 100% value after
time equal to Tuz‘ In contrast, a very heterogeneous population

of cells, some with very low resistance and some with wvery high

resistance and some throughout the range from very low to very
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Figure 5 is a plot showing a repeat of the m crophotol ysis Response curve
(open circles) of Figure 4 as the graphical Casis for definition of: 1)

the response half-time (T[err][err]) as the period fromthe begi nning of
cell-attack to the tine of the 50-percent response value, and 2) t he

| ar gest sl ope of the % Response curve as the Slope at tinet = T[err]/[err]
Figure 6 is a plot showi ng the % Response curve (nean [err] SEM Eor

m crophotol ysis on day 1 at 7 hours (circles), day 2

. esistance to disyy,. :
igh T TVitiem, would give a % Reaponse surve w1tb

| .
. llow slope beginni,., .. ..
& sha P ginni sy ¥tortly after the beginning of the

-attack stimulus
ell-a anqg L#sching a 100% value at a time much

fter the TI/Z value.

The Slope of the
P * Pasponse curve at time equal to T,, can

. btained in severa .
e° L vy, For example, the value of the first

ivative of a polyn
eri POIYNOmIaL yrve-fit to the % Response curve at

i ual T,,, would
ime €d yz WO Ivn 1hg slope value of the % Response curve

time equal to T,,,.
t d 12° Tha following giyes a simple method for

ralculation of the S1
2 o8 o the % Response curve at time equal to

12°

1) T70 is definag ,, the period (in minutes) from the
beginning of 9l l-nttack to the time when the
N % Response eqQlin | 70%.
2) T30 is defina(q A4 the period (in minutes) from the
beginning of “4ll-attack to the time when the
% Response eQlin| 103,
3) Slope at T

12 1% dafined as 70% minus 30%, that quantity

divided by t
= BY the Qunntity, T70 minus T30, with units of

% Change in
g Nanponga per Minute (abbreviated as %/MIN);

.l . l ll
i.e. Slope 4 ;o (%/MIN) = (70 - 30)/(T70 - T30).

Thls simple method i
s Jt""‘”lmbly accurate because all % Response

curve
s range from 0% ty l00% i{n ordinate value, and all

'% Response curves are
P “““"Uximately linear in the 30% to 70%

r
€sponse range such ag Oha [n Figure 5 for example
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(squares), day 3 (triangles), day 4 (dianonds), and day 5 (inverted
triangles) after collection of red blood cells fromfour rabbits. Figure 7
is a plot showing the % Response curves (nmean [err] SEM for the effect of
cell-attack stinmuli of 105 Joul es/cnR2 (open squares), 126 Joul es/cn®
(filled squares), 159 Joules/cnferr] (open triangles), 168 J/cnferr]
(filled triangles), 210 J/cnferr] (open dianonds), and 210 J/cnferr]
(filled dianonds) on rabbit (N = 3) red blood cells. Figure 8 is a plot
showi ng the % Response curves (mean [err] '

Microphotolysis of Aniwmal cells

Figure 6 shows the % Response curves (mean * SEM) on day 1
.at 7 hours (circles), day 2 (squares), day 3 (triangles), day 4
(diamonds), and day 5 (inverted triangles) after blood collection
for red blood cells from four rabbits with micro-sample
composition of 4% red blood cell concentration and 2 mg/ml FITC-
dextran (150,000 daltons). The cell-attack stimulus was 210
J/cm2 for all curves. The % Response curves are identical to
each other when microphotolysis is condncted on cell micro-
'samples from 7 hours to 5 days after blood collection from
rabbits. The % Response curve changes by a progressive shift to
the left when microphotolysis is conducted on cell micro~samples

during the first 6 hours after blood collection from rabbits.

Figure 7 shows % Response curves (mean * SEM) for the effect
of cell-attack stimuli of 105 Joules/cm? (open squares), 126
Joules/cm? (filled squares), 159 Joules/cm®’ (open triangles), 168
J/cm? (filled triangles), 210 J/cm?® (open diamonds), and 210 J/cm?
(filled diamonds) on rabbit (N = 3) red blood cells with micro-
sample composition of 4% hematocrit and 2 mg/ml FITC-dextran
(150,000 daltons). The cell-attack stimuli for the open symbols
were achieved by lower epi-illumination light power densities for
10 minutes of epi~light exposure, while tﬁe cell-attack stimuli
for the filled symbols were achieved by higher epi-illumination

light power densities for 8 minutes of epi-light exposure. The %
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SEM fotr mcrophotolysis of 3% (circles), 4% (triangles), and 5% (squares-)
concentrations of rabbit (N = 4) red blood cells. Figure 9 is a plot
showi ng the % Response curves (nmean [err] SEM for m crophotolysis of
rabbit (N = 3) red blood cells that had been separated from whol e bl ood
(circles) and for red blood cells in whole blood that contained plasma and
other cells such as platelets or white blood cells (triangles).

; _gesponse curve for a lower epi-illumination ligﬁ%lpower.ai a
ionger epi~illumination exposure time (open symbols) is the same
lag that for a higher light p;wer at a shorter exposure time
(filled symbols) when these give the same enerqgy densities as
equivalent cell-attack stimuli. This observation remains true
for any energy density, provided that the exposure time is at
least 4 minutes in duration. Figure 7 also demonstrates that the
slope and Tvz'values of the % Response curves are different for
different levels of cell-attack stimuli. The % Response curves
for rabbit red blood cells are also different for different
imicro—sample concentrations of FITC~dextran when the FITC-dextran

concentration is below a critical value of 2.0 mg/ml.

Figure 8 shows the % Response curves (mean % SEM) for 3%
(qércles), 4% (triangles), and 5% (squares) concentrations of
rabbit (N = 4} red blood cells in micro-samples that contained
2 mg/ml FITC~-dextran (150,000 daltons) and received a.cell-attack
stimulus of 210 J/cm?. These % Response curves for rabbit red
blood cells are statistically the same for the different micro-
sample cell concentrations in the 3 to 5% range, to show that
moderate variation in cell concentrations will not change the
microphotolysis measurement of cell resistance to disruption by

light-stimulated cell attack.

Figure 9 shows the % Response curves (mean * SEM) for rabbit

(N = 3) red blood cells that had been separated from whole blood
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Figure. 10 is a plot show ng the % Response curves (nean [err] SEM for

m crophotol ysis of rabbit (N = 4) red blood cells on day (circles), on day
5 after the red blood cells had been washed and reconstituted with buffer
and FI TC-dextran (di anonds), and on day 5 after the red blood cells had
been washed and reconstituted with buffer but not FITC dextran (squares).
Figure 11 is a plot show ng the % Response curves (nean [err] SEM for

m crophot ol ysis of rabbit (N = 4) red blood cells that had been Prepared in
standard buffer with glucose and al bumi n (squares), buffer with glucose but
not al bumn (filled di anonds),

{circles) and for red blood cells in whole biovod chat Lunéained
plasma and other cells such as platelets or white blood cells
(triangles). Micro-sample composition was a 4% red blood cell
concentration and 2 mg/ml FITC-dextran (150,000 daltons). These
data demonstrate that the % Response curves for rabhit red blood
cells are not affected by the presence of blood plasma or other
blood cells (such as white blood cells) in the micro-sample.
:Thus, the microphotolysis procedure can be applied to whole blood
gamples, without the need for careful separation of red blood

cells.

Figure 10 shows the % Response curves (mean % SEM) for
microphotolysis of rabbit (N = 4) red blood cells on day 5
(circles), on day 5 after the red blood cells had been washed and
then reconstituted with buffer and FITC-dextran (diamonds), and
on day 5 after the red blood cells had been washed and then
reconstituted with buffer but not FITC-dextran (sguares). Micro-
sample composition was 2 mg/ml of FITC-dextran (150,000 daltons),
a 4% red blood cell concentration, and buffer with a cell-attack
,stimulus of 198 Joules/cm?. Cells that were washed on day 5 and
reconstituted without the FITC~dextran did not hemolyze when
exposed to photoactivation. Washed cells reconstituted with the
original FITC-dextran buffer solution had the same
Dicrophotolysis response as unwashed cells on day five, thus
showing that the washed cells were still responsive but only in

the presence of FITC-dextran. Thus, Figure 10 shows that the
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buffer.with al bum n but not glucose (triangles), and buffer w thout albumn
and glucose (circles). Figure 12 is a plot show ng the % Response curves
(mean [err] SEM for mcrophotolysis of rabbit (N = 6) red blood cells

whi ch had been previously incubated for one hour with diamde at a
concentration of 5.0 mlliMlar (dianonds), 0.5 [err]M (squares), 0.05
[err]M-(circles), or 0.00 [err]M(filled triangles), with cell-

presence of FITC is necessary for the microphotolysis pfocéss and
that other factors like heat from the light source do not induce
hemolysis in this method. FITC-dextran (150,000) is a large
molecular weight neutral dextran that does not even traverse
endothelial gaps under non-inflamed conditions. Since washed
cells were unresponsive, the data in Figure 10 demonstrate that
the microphotolysis response is not the result of a non-specific
light interaction with an intracellular or even intramembrane
bound drug. The microphotolysis process with FITC-dextran as the
cell-attack agent must occur by an interaction outside of the

cell membrane with subsequent effect on the cell membrane.

Fiqure 11 shows the % Response curves (mean * SEM) for
microphotolysis of rabbit (N = 4) red blood cells that had been
prepared in standard buffer with glucose and albumin (squares),
buffer with glucose but not albumin (filled diamonds), buffer
with albumin but not glucose (triangles), and buffer without
albumin and glucose (circles). All micro-samples contained 2
mg/ml of FITC-dextran (150,000 daltons) and a 4% concentration of
ired blood cells, and were exposed to cell-attack stimuli of 180
J/cm? (right panel) and 90 J/cm? (left panel). The % Response
curves for rabbit red blood cells are not altered by removal of
albumin from the cell micro-sample. According to scientific
literature, removal of albumin changes the shape of the red blood
‘cell. Thus, these data show that the microphotolysis procéss

i
fMeasures cell characteristics other than those that depend solely
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16 attack stinmuli of 180 Jicmerr] (right panel) and 90 J/cnferr] (left

panel ).

for m crophotolysis of rabbit (N =5) red blood cells which had been
previously incubated for 20 m nutes with Chlorpronazine a concentration of
100 m croMol ar (circles), 30 [err]M (dianobnds), to [err]M (squares),
[err]M (filled triangles), with cell-attack timuli of 180 [err]/cnferr]

(right panel) and 90 J/cn{err] (Ieft panel) Figure 14 is a plot show ng
t he @6F¢sponse curves (TEamtett+i

|

|

on cell shape. The % Response curves are 5hif£€d to thé léft te
reflect greater cell sensitivity to a standardized cell-attack
stimulus when glucose is removed from the cell micro-sample.

Cells are very susceptible (an increased Slope and decreased Ty/2)

even to a very low cell-attack stimnlus when glucose is absent as

illustrated in the left panel of Figure 10. According to

‘gecientific literature, glucose is necessary for cells to maintain

their ATP (adenosine triphosphate) levels, and ATP is required
for cell metabolism to maintain the integrity of the cell
membrane. Thus, these data show that the microphotolysis process

can detect a reduction in cell membrane integrity.

Figure 12 shows the % Response curves (mean % SEM} for
microphotolysis of rabbit (N = 6) cell micro-samples that
cQPtained 2 mg/ml 6f FITC-dextran (150,000 daltons), standard
buffer, and a 4% concentration of red blood cells which had been
previously incubated for one hour with diamide at a concentration
of 5.0 milliMolar (diamonds), 0.5 mM (squares), 0.05 mM
{circles), or 0.00 mM (filled triangles), with cell-attack
stimuli of 180 J/cm? (right panel) and 90 J/cm® (left panel).

The % Response curves for rabbit red blood cells are shifted to
the left to reflect greater cell sensitivity to a cell-attack
8timulus when the micro-sample contains cells that have been
Previously incubated for one hour with diamide. These diamide-
incubated cells have enhanced susceptibility (increased Slope and

decreased T,,;) to a very low cell-attack stimulus as illustrated
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(SEM for mcrophotolysis of rabbit (N = 6) red blood cells which had been
previously incubated for one hour with gluteral dehyde at a concentration of
0.02% (circles with dashed line), 0.01% (di anonds), 0.005% (tri angl es),

0. 0025% (squares with dashed Iine), 0.0b125% (circles), and 0.000% (filled
triangles). Figure 15 is a bar graph show ng the Percent Maxi mal Response
(MR and the T[err],[err] and Sl ope val ues of the % Response urves for

m crophotol ysis of red blood cells from5 normal control Sprague-Daw ey

| aboratory rats (C) at 248 3.6 J/cnferr], 3 streptozoticin-induced

I nsul i n-dependent di abetic Sprague- Dawl ey

in the left panel of Figure 11. According tc s:ientifi:i
'1iterature, diamide is a drug which oxidizes the sulfhydryi‘
groups of proteins in the cell membrane to increase the cross-
1inking of spectrin which disturbs the protein layers of the cell
membrane to disrupt cell membrane integrity. Thus, these data
show that the microphotolysis process can detect an increase in
cell fragility which results from a disturbance to the protein

layers of the cell membrane.

Figure 13 shows the % Response curves (mean % SEM) for
hdcrophotolysis of rabbit (N = 5) cell micro-samples that
contained 2 mg/ml of FITC-dextran (150,000 daltons), standard
buffer, and a 4% concentration of red blood cells which had been
previously incubated for 20 minutes with Chlorpromazine at a
coscentration of 100 microMolar (circles), 30 uM (diamonds}), 10
uM (squares), and 0 uM (filled triangles), with cell-attack
stimuli of 180 J/cm? (right panel) and 90 J/cm’ (left panel).

The % Response curves for rabbit red blood cells are shifted to
the left to reflect greater cell sensitivity to cell-attack when
“the micro-sample contains cells that have been previously
incubated for 26 minutes with chlorpromazine. These
chlorpromazine-incubated cells are alsoc more susceptible

(decreased Tuz but no change in Slope) to very low levels of

cell-attack stimuli as illustrated in the left panel of Figure
12, According to scientific literature, chlorpromazine, in the

Concentrations used here, primarily produces stomatocyte
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rats (D) at 245 4.1 J/cn2, and 6 diet-induced hyperchol esterol em c

Sprague-Dawl ey rats (H at 249 [err] 2.7 J/cnferr]. This is the replacenent

sheet

17 Figure 16 is a[err] graph showi ng the Percent Maxi nmal

Response

(MR% and [err] T[err][err] and Sl ope val ues of the % Response Curves for
m crophopolysis of 0.5%to 3.0% concentrations of

i

ey .

formation through an effect of chlcrpromazire to"alter.t%e’
arrangement of the lipid bilayer in the cell membrane with iess
effect on the protein layers in the cell membrane. Thus, these
data show that the microphotolysis process can detect an increase

in cell membrane fragility which results from a disturbance to

the lipid layers of the cell membrane.

Figure 14 shows the % Response curves (mean * SEM) for
microphotolysis of rabbit (N = 6) cell micro-samples that
contained 2 mg/ml FITC-dextran (150,000, daltons), standard
lJbuffer, and a 4% concentration of red blood cells which had been
previously incubated for one hour with gluteraldehyde at a
concentration of 0.02% (circles with dashed line}, 0.01%
(diamonds), 0.005% (triangles), 0.0025% (squares with dashed
line), 0.00125% (circles), and 0.000% (filled triangles), with a
ceil-attack stimulus of 180 J/cm?’. The % Response curves for
rabbit red blood cells are shifted to the right with increased

T.,. and decreased Slope to reflect less cell sensitivity to a

1/2

cell-attack stimulus when the micro-sample contains cells that

.have been previously incubated for one hour with a 0.01% or

greater solution of gluteraldehyde. According to scientific
literature, gluteraldehyde decreases membrane fragility (less
breakable cell) and increases membrane rigidity (less deformable
cell). Chlorpromazine increases membrane fragility more
breakable) without any reported change in membrane rigidity

(unchanged deformability). Diamide increases membrane fragility
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human (N = 3) red bl ood cells. One subject received a cell- ttack
stinmulus of [err] [err] 0.3 J/cnferr], the second subject received 40 1.1
J/icnerr] and the third subject received 198 1.3 J/cnR2 or all five cell
Concentrations. Figure 17 is a bar graph show ng the Percent Maxi nmal
Response (MR and the T[err] and Sl ope val ues of the % Response curves for
m cr oPhot ol ysis of human (N = 5) red bl ood cells which had been previously
i ncubated at 4[err] C FOR ONE HOUR with pentoxifylline (PTFX)
concentrations of 10 mlliMlar (filled bars), 1 [err]M(striped bars), and
O [err]M (clear bars). One subject

(more breakable) and increases membrane rigidity (less

deformable). Thus, comparison of the effect of these three '
agents as shown in Figqures 15, 13, and 14 demonstrates that the
microphotolysis process measures changes in cell membrane
fragility rather than simply cell membrane rigidity, and that the
microphotolysis process can distinguish between a change in

membrane fragility due to altered lipid layers and a change due

to altered protein layers.

A streptozoticin-injected laboratory rat is a widely-used
animal model of human insulin-dependent diabetes with elevated
blood sugar (hyperglycemia) and glucose spill-over into the
urine. Diet manipulation of a laboratory rat is a known animal
model of human hypercholesterolemia. Figure 15 shows the Percent
Ma;imal Response (MR%) and the Ty /2 and Slope values of the %
Response curves for microphotolysis of red blood cells from 5
normal control Spraque-Dawley laboratory rats (C) at 248 % 3.6
J/cm?, 3 streptozoticin-induced insulin-dependent diabetic
Sprague-Dawley rats (D) at 245 * 4.1 J/cm?, and 6 diet-induced
hypercholesterolemic Sprague-Dawley rats (B) at 249 % 2.7 J/cm’.
All cell micro—gamples had a composition of 4 mg/ml FITC-dextran
(20,000 daltons), standard buffer, and a 3% concentration of red
blood cells. The % Response curves for red blood cells from
normal rats, diabetic rats, and hypercholesterolemic rats have
similar Maximal Responses to the microphotolysis process. Red

blood cells from the hypercholesterolemic rats have normal Tysz
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received a cell-attack stimulus of 658 6.6 J/cnferr],

.received 329 [err] 1.9 J/cnferr], and one subject received 196 [err]
J/icnjerr] for all three pentoxifylline concentrations- Figure 18 is a bar
graph showi ng the Percent Maxi mal Response (MR and the T[err][err]
Sl ope val ues of the % Response curves for m crophotol ysis of human (
red bl ood cells which had been previously incubated at 4[err] C FOR
TVENTY- FOUR EOURS with pentoxifylline (PTFX) concentrations of 10

mlliMlar (filled bars), 1 nmM(striped bars), and O nM (cl ear bars).

subj ect

received a cell-attack stimulus of 641 [err]..3.3 J/qn{err],

e

éﬂd Slope values. Cells from the diatetic zats have
%}gnificantly longer T,, and lower Slope values to indicate a
éubstantlal reduction in cell membrane fragility for the diabetic
ﬁinlmals. These data demonstrate that the microphotolysis process
T;an detect diseases (such as diabetes) which alter ion pumps

®,

hsuch as the calcium pumps) in the cell membrane.

Microphotolysis of Human Cells

Figure 16 shows the Percent Maximal Response (MR%} and the
’TUZ and Slope values of the % Response curves for microphotolysis
of 0.5% to 3.0% concentrations of human (N = 3) red blood cells
in micro-samples that contained 4 mg/ml FITC~dextran (20,000
daltons). One subject received a cell-attack stimulus of 549 %
0.3 J/cm?, the second subject received 340 % 1.1 J/cm?, and the
third subject received 198 % 1.3 J/cm® for all five cell
concentrations. Microphotolysis of red blood cells from humans
gives the same Percent Maximal Responses for micro-sample cell
concentrations in the 1.0% to 3.0% range, the same Ty values for
cell concentrations in the 0.5% to 2.0% range, and the same %
Response curve Slopes for cell concentrations in the 0.5% to 3%
range as shown in Figure 16. Microphotolysis of red blood cells
from rabbits gives the same % Response curves for micro-sample
cell concentrations in the 2% to 5% range as illustrated in
Figure 8. These data indicate that the microphotolysis process

is relatively insensitive to variations in cell concentrations
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subj ects received 330 [err] 1.7 J/cnferr], and one subject received 205
[err] P.7 J/cmerr] for all three pentoxifylline concentrations. Figure 19
is a bar graph showi ng the Percent Maxi mal esponse (MR and the
Tlerr]/[err] and Sl ope val ues of the % Response curves at cell-attack
stimuli of A =243 [err] 2.9 J/cnferr] (clear ars), B = 400 [err] 3.6
J/icmerr] (striped bars), and C = 642 [err] 4.0 /cn2 (filled bars) for

m crophot ol ysis of red blood cells from

within specific but different concentration rahges £6f animals

[}
\

and humans.

According to scientific literature, pentoxifylline, a
therapeutic agent which increases peripheral blood flow in
several human pathologies, increases the "flexibility" of cell
membranes to permit easier passage of red blood cells through
blood vessels; yet, pentoxifylline does not simply alter cell
membrane rigidity (cell deformability). Figure 17 shows the
Percent Maximal Response (MR%) and the 2172 and Slope values of
the % Response curves for microphotolysis of human (N = 5) cell
micro~samples that contained 4 mg/ml FITC~dextran (20,000
daltons) and a 1% concentration of red blood cells which had been

‘previously incubated at 4° C FOR ONE HOUR with pentoxifylline
(PTFX) concentrations of 10 milliMolar (filled bars), 1 mM
(striped bars),.and 0 mM (clear bars). One subject received a
cell-attack stimulus of 658 # 6.6 J/cm?, three subjects received
329 + 1.9 J/cm?®, and one subject received 196 * 0.7 J/cm?® for all
three pentoxifylline concentrations. Figure 18 shows the Percent
Maximal Response (MR%) and the T,, and Slope values of the %
Response curves for microphotolysis of human (N = 5) cell micro-
samples that contained 4 mg/ml FITC-dextran (20,000 daltons) and
2 1% concentration of red blood cells which had been previously
incubated at 4° C FOR TWENTY-FOUR HOURS with pentoxifylline
(PTFX) concentrations of 10 milliMolar (filled'bars), 1 mM

(striped bars), and 0 mM (clear bars). One of these subjects

51

This Sheet Has Been Replaced

A




our fermal e and three male African-Anericans who had no clinical ndicators
of sickle-cell disease. Figure 20 is a bar graph show ng the Percent

Maxi mal Response (MR% and the T[err] and Sl ope val ues of the % Response
curves at cell-attack stimuli of A =247 1.1 J/cnferr] (clear ars), B.=
395 [err] 5.5 J/cnferr] (striped bars), and C 643 4.0 J/cnferr] (filfed
bars) for mcrophotolysis of red blood cells from2 female and. 3 nale
African-Americans with clinical diagnosis of sickle-cell disease but not
henng!obrn F abnormality. Figure 21 is a bar graph show ng the Percent

Maxi nmal

received a cell-attack stimulus of 641 * 3.3 J/ciﬁ, three

gubjects received 330 % 1.7 J/cm?, and one subject received 205
0.7 J/cm? for all three pentoxifylline concentrations.

Incubation of human red blood cells with pentoxifylline for one
hour alters the microphotolysis response of those cells. BAs the
pentoxifylline concentration is increased, there is a progressive
(dose-dependent )} decrease in the Percent Maximal Response, an
increasemin Ty /2 and a decrease in the Slope of the
microphotolysis % Response curves as illustrated in Figure 17.
wWith 24~hour pentoxifylline incubation of red blood cells as
'shown in Figure 18, the decrease in the Percent Maximal Response
is lost, and the decrease in Slope is partially lost, but the
dose-dependent increase in Ty is still present. These data
demonstrate that the microphotolysis process is sensitive to
dryg~induced alterations in human cell membranes, and that
microphotolysis can distinguish between drug-treated and non-

treated human cells, as a function of time after drug treatment.

Figure 19 shows the Percent Maximal Response (MR%) and the

.T,,, and Slope values of the % Response curves at cell-attack

1/2
stimuli of A = 243 % 2.9 J/cm® (clear bars), B = 400 % 3.6 J/cm®
(striped bars), and C = 642 * 4.0 J/cm® (filled bars) for
microphotolysis of red blood cells from four female and three
male African-Americans who had no clinical indicators of sickle-

cell disease. The cell micro-samples contained 4 mg/ml FITC-

dextran (20,000 daltons), a 3% concentration of red blood cells,
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Response (MR% and the T[err] and Sl ope val ues of the % Response curves at
cell-attack stimuli of A =253 2.8 J/Cnferr] (clear bars), B 399 [err]
4.6 J/cnjerr] (striped bars), and C = 661 [err] 2.1 J/cnferr] (filled bars)
for mcrophotolysis of red blood cells from1 female and 1 nal e
African-Anmerican with clinical diagnosis of sickle cell disease and

henogl obi n-F abnornmality. 19

—

:and buffer. Figure 20 shows the Percent Mirimal'Respdnse.{MR%)
and the T,, and Slope values of the % Response curves at cell-
attack stimuli of A = 247 % 1.1 J/cm® (clear bars), B = 395 # 5.5
J/cm? (striped bars), and C = 643 ¢ 4.0 J/cm®? (filled bars) for
microphotolysis of red blood cells from 2 female and 3 male
African~-Americans with clinical diagnosis of sickle~cell disease
but not hemoglobin-F abnormality. The cell micro-samples
contained 4 mg/ml FITC~dextran (20,000 daltons), a 3%
concentration of red blood cells, and buffer. Normal red blood
cells from humans without sickle-cell d}sease as illustrated in
’the left panel of Figure 19 show an eventual 88 to 95% disruption
(Percent Maximal Response, MR%) after exposure to cell-attack
stimnli across a broad range from 240 J/cm® to 660 J/cm?. These
normal human cells have microphotolysis % Response curves with a
prsgressively decreasing Ty and a progressively increasing Slope
as the cell-attack stimulus is increased as shown in Figure 189.
In contrast, red blood cells from humans with sickle-cell disease
have a substantially reduced Percent Maximal Response (with a
peak at an intermediate cell-attack stimuius level), a
significantly elevated Tuz‘which is not a function of cell-attack
stimulus 1evel; and a substantially reduced Slope as is evident
in a comparison of Figure 20 to Figure 19. These data
demonstrate that the microphotolysis process is sensitive to
pathologic alterationé in human cell membranes, and that
microphotolysis provides multiple parameters for detection of

human diseases that alter cells.
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Figure 22 is a photom crograph show ng the rectangular area [err]
cell-attack for a cell mcro-sanple before activation as seen n the top

| eft panel, 20 mnutes after the start of activation as seen in the top
right panel, 40 mnutes after the start of activation as seen in the bottom
| eft panel, and 60 m nutes after he start of activation as seen in the
bottomright panel. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Equi pnent
Configuration The present invention can use any |light m croscope (Zeiss
model 20-T preferred) with a 75-300 w arc |lanp (100 Wnercury

Figure 21 shows the Percent Maximal Response (MR#) and the °
Ty and Slope values of the % Response curves at cell-attack
‘gtimuli of A = 253 % 2.8 J/cm? (clear barsj, B = 399 %
4.6 J/cm® (striped bars), and C = 661 * 2.1 J/cm® (filled bars)
for microphotolysis of red blocd cells from 1 female and 1 male
African~American with clinical diagnosis of sickle-cell disease
and hemoglobin-F abnormality. The cell micro-samples contained 4
mg/ml FITC-dextran (20,000 daltons), a 3% concentration of red
blood cells, and buffer. Red blood cells from humans with a
combination:of sickle-cell disease and a hemoglobin~F abnormality
have a normal Percent Maximal Response,-an abnormally high Ty/2r
and a normal Slope at lower cell-attack stimuli but a reduced
Slope at the higher cell-attack stimulus as is evident in a
comparison of Figure 21 to Figure 19. These data show that the
microphotolysis process' is sensitive to combinations of
p;;hologic alterations in human cell membranes. Also these data
demonstrate that multiple parameters of the microphotolysis
process can differentiate between normal human cells as shown in
Figure 19 and single-disease altered cells as shown in Figure 20,

and can distinguish both of those situations from multiple

abnormalities such as those shown in Figure 21.

The foregoing detailed description is given primarily for
clearness of understanding and no unnecessary limitations are to
be understood therefrom, for modifications will become obvious to

those skilled in the art based upon more recent disclosures and
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preferred) for epi-illumnation of the cell mcro-sanple through the

m croscope objective |lens and a 50-300 Warc or hal ogen lanp (100 W hal ogen
preferred) for transillum nation of the cell mcro-sanple through the

m croscope condenser. A television canmera with external control of target
vol tage (a charged- coupl ed-device (CCD) canera preferred) is required with
a mcroscope eye-piece attachnent for adequate m croscope-inage capture,

vi deor ecordi ng, video nonitor display, and analysis of mcrophotolysis. Any
stangard~videocassette recorder (Panasonic nodel 6200 preferred), tine-date
vi deo-insertion generator

may be made without departing from the spirit of the invention

and scope of the appended claims.
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(Panasoni ¢ nodel 810 preferred), and noderate resolution television nonitor
(at 'l east 600 horizontal |lines preferred) can be used. This is the

repl acenent sheet Date: ? 8 OCT 1996 The present invention can use any
|'i ght-m croscopy objective is (UK 50X Zeiss with 0.60 nunerical aperture
preferred) that

This Sheet Has Been Replac
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CLAIMS: Y

- Claim 4. A method for measuring the strength
of a cell membrane, conprising the steps of:

suspending test cells whose membrane strength are to be
measured in a physiologic salt solution of selected osmoclality
ranging from about 200 to about 400 milliosmoles forming a cell
containing solution;

adding an inactive cell-attacking chemical agent to said cell
containing solution, said inactive cell-attacking chemical agent
comprising molecules absorking radiant energy in a range of about
300 to about 900 nanometers for creating highly reactive electron-
deficient atoms therefrom producing a radiant energy sensitive

solution:;
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a variable built-in I ens diaphragm any m croscope tube or (1.25X
any X-Y coordi nate novabl e m croscope ge (Zeiss 20-T standard
and any brightfield stage condenser (Zeiss 20-T standard

preferred),
preferred),

preferred). The present ention requires a m crosc h&nHﬁ&kmﬂubac

nodel
mrror

-2 ferred) with a band-pass filter (450-490

(510 nmpreferred), and a |ong-pass barrier

to match the excitation and em ssion equencies of t e chosen

| i ght ~a¢ctivated cell-attack orochronme (FITC preferred for externa

cell-ﬁttack as

identifying a localized microscopic area containing a micro-
sample of said radiant energy sensitive solution;

applying a focused first radiant energy in a range of about
300 to about 900 nanometers at a selected wavelength to said micro-
sampoe of said radiant energy sensitive solution, exposing said
cell in said radiant energy sensitive solution to said radiant
energy for a selected period of time for determining the number of
intact cells in said localized microscopic area of said micro-
Isample at any time period:

determining the number of intact cells in said localized
ﬁicroscopic area; |

applying a focused second radiant energy in the range of about
300 to about 906 nanometers for a selected time in a selected time
interval at a selected different wavelength than said first radiant
energy, said second radiant energy photoactivating said cell-attack
agent producing highly reactive electron-deficient atoms from said
cell-attack agent forming a cell-reacting medium:;

reacting said highly reactive electron-deficient atoms in said
cell-reacting medium with said test cells in said localized
microscopic area disrupting the cell membranes of said test cells
permitting loss of said cell contents and changing the absorption
of said first radiant energy by said test cells in said leocalized
microscopic area; and

analyzing the strength of said cell membrane quantitatively by
Comparing the amount of said first radiant energy used to disrupt

Said cell membranes of said cells in said micro~sample after

0 0
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scribed below). The epi-illum nation |ight pathway through the m croscope
[ st have provisions for a variable circular diaphragm a fixed rectangul ar
di aphragm (4.0 x 3.5 mllimeter aperture preferred), [err] a neutral
density filter carrier between the epi-i IT?llaﬁfneﬁtaiase&anh}gmd source and the

m croscope filter cube to permt graded a -in the anmount
of fluorochrome excitation light energy at mo sanpl e on the
m croscope stage. The transillum nation |i ght pat wa rough the cell

m cro- sanple nust have provisions for a circular field diaphragm (22 nm

exposure to said cell-reacting medium, with the amount of first
radiant energy applied before the application of said second
radiant energy and determining the number of intact cells in said

localized microscopic area at selected time intervals. =--

- Claim 2 The method for measuring the strength
of a cell membrane as claimed in Claim 1, wherein said analyzZing
step comprises comparing the starting number of cells with maximun
number of cells disrupted, the time to reach disruption of 1/2 of
the maximum number of cells to be disrupted, and the maximum rate

of cell disruption during said selected time intervals. --

™ — Claim 3. The method for measuring the strength
of a cell membrane as claimed in Claim 1, wherein said analyzing
step conmprises comparing the starting number of cells with the
maximun number of cells disrupted, the time to reach disruption of
1/2 of the maximum number of cells to be disrupted, and maximun

rate of cell disruption

- Claim 4. The method for measuring the strength
of a cell membrane as claimed in Claim 1, including the step of
selecting said test cells from the group consisting of red cells,

white cells, platelets, or mixture thereof. =--

- Claim 5. The method for measuring the strength

°f a cell membrane as claimed in Claim 1, including the step of

R R



di anet.er aperture preferred), a circular field light-limter (7.5 [err]
di aneter -aperture preferred), and a color filter (green 21 referred for
red bl ood cells) between the transllum nation |ight source and the substage

m croscope condenser to per ndis dhkdi N B R ggﬁground | i ght energy at the

e el T

suspending test cells whose membrane strength is to be measured in
.a physiologic solution of selected osmolality ranging from about

200 to about 400 milliosmoles forming a cell containing solution.--

- Claim 6. The method for measuring the strength
of a cell membrane as claimed in Claim 7, including the step of
applying said focusedfirst radiant energy in time intervals ranging

. from about 1 minute to about 60 minutes. =--

-- Claim 7. The method for measuring the strength
of a cell membrane as claimed in Claim 1, including the step of
applying said focused first radiant energy in time intervals

rénging from about 1 minutes to about 10 minutes. --

- claim 8 . The method for measuring the
strength of a cell membrane as claimed in Claim 1, including the
step of applying said focused first radiant energy in time
intervals ranging from about 1 second to about 1 minute over a 60
minute period or until there are 5 or fewer intact cells within

said localized microscopic area. -~

-- claim 9.. The method for measuring the
strength of a cell membrane as claimed in Claim 1, including the
Step of preparing a rhicrc-sample of about 25 microliters (ul)

of said radiant energy sensitive solution. =~
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M croscope Calibration Procedure The present invention includes a new

m croscope light- libration procedure to provide cell exposures to specific

ounts
power

epi-illum nation an

| i ght

A
1]

I

of frequency-specific |light energies which are pantitated as "Ilight

densi ty" nulthjsghecedesigenleplaced i np of ght exposure.”™ In the follow ng
procedure, the crit l he independent adjustnents of the
tion |ight pathways to give a specific

power from each pathway to a specific area at the cell mcro-sanple
hen the cell mcro-sanple is "in focus" on the m croscope stage.

-~ Claim 10, The method for measuring the
strength of a cell membrane as claimed in Claim 1, including the
the step of applying a focusedsecond radiant energy in the range of
about 300 to about 900 nancmeters at a selected different
wavelength to photoactivate said inactive cell-attack agent
producing said highly reactive electron~deficient atoms from said
cell-attack agent in said radiant energy sensitive solution for
about 1 second to about 10 minutes depending on the particular
inactive cell-attack agent selected. --

- Claim 11. The method for measuring the
strength of a cell membrane as claimed in Claim 1, which comprises
the step of adding an inactive cell-attacking chemical agent to
said cell containing solution, said inactive cell-attacking
chemical agent comprising molecules absorbing radiant energy in a
range of about 300 to about 900 nanometers creating highly reactive
electron-deficient atoms therefrom producing a radiant energy
sensitive solution, further including the step of selecting said

cell-attack agent specific to the type of cell to be analyzed.--

- Claim 12. The method for measuring the
strength of a cell membrane as claimed in Claim 1, which comprises
the step of adding an inactive cell~attacking chemical agent to
said cell ceontaining solution, said inactive cell-attacking
chemical agent comprising molecules absorbing radiant energy in a

range of about 300 to about 900 nanometers creating highly reactive

(I l
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I ght power at any specific point in a light path can be neasured y any of
several instrunents (such as an EGG nodel 580 radioneter). The preferred
instrument is a nodel 61 United Technol ogy (UT) Optoneter which neasures
i ght power in the electrical powerT toy HascoensReplaceri | | i watts. To begin

calibration of the transillum nation Ss m croscope slide is
covered with a glass coverslip and i n the stage of the
m croscope. The epi-illum nation Pathway is blocked by closure of the

vari abl e circular di aphragm

I
B
"

lelectron-deficient atoms therefrom producing a radiant energy

&ensitive solution, further including the step of selecting said

kell-attack agent from the group consisting of phloxine B, eosin-
i
{sothiocyanate, pheophorbide, protoporphyrin, fluorescein

‘isothiocyanate, fluorescein isothiocyanate dextran, and

combinations thereof. --

i
i

-~ Claim 13. The method for measuring the
’strength of a cell membrane as claimed in Claim 1, further
including the step of adding a test drug to said cell containing

solution.--

- Claim 4. The method for measuring the
strength of a cell memkrane as claimed in Claim 7, comprising the
step of adding a test drug to said cell containing solution
selected from the group consisting of glutaraldehyde, glucose,
albumin, chlorpromazine, diamide, glucose, albumin, and

‘ pentoxyifylline.--

- Claim 15 . The method for measuring the strength
of a cell membrane as claimed in Claim 1, further including the
step of adding an intracellular-bound specific test drug to said

cell containing soluticn.--

- Claim 16. The method for measuring the

strength of a cell . membrane as claimed in Claim 1, further

A A



After .adjustnment of the objective lens to bring the glass slide into focus
on.the m croscope-attached tel evision canera tube, the field di aphragm of

the transillum nation pathway is ad!usted to a nearly closed position (a

pi n- hol e openi ng) and the substage s feen Replaeedd t o bring the pin-hole
NM‘I adj ustnments of the
- hol e opening of this

opening of this field iaphragminto
subst age condenser are then used to
field diaphragmin the m croscope field-of-view

including the step of adding diamide to said cell containing
solution for oxidizing the sulfhydryl groups of proteins in the
cell membrane to increase the cross-linking of spectrin which
disturbs the protein layer of cell membranes to disrupt cell
membrane integrity by increasing membrane fragility and membrane

rigidity.--

-- Claim 17. ) The method for measuring the

‘ ' strength of a cell membrane as claimed in Claim 1, further
including the step of adding chlorpromazine to said cell containing
solution producing stomatocytes and altering the lipid bilayer of
said cell membranes to disrupt cell membrane integrity by
increasing membrane fragility without any change in rigidity of

said cell membrane. -~-

-- Claim 18, The method for measuring the
strength of a cell membrane as claimed in Claim 1 , further
including the step of adding glutaraldehyde to said cell containing
solution decreasing membrane fragility and increasing membrane

rigidity of said cell membrane.--

- Claim 19. The method for measuring the
strength of a cell membrane as claimed in Claim i#, further
including the step of comparing the effect of adding at least one
test drug to said cell containing solution selected from the group

Consisting of glutaraldehyde, chlorpromazine, diamide, glucose,

AN



The | anp power supply for the transillum nation pathway is adjusted to
approximately 9.2 volts. The |light power is neasured t the exit of the

field diaphragmlight-limter,

1.08 to 1.88 (1.48 preferred) m|

and the field |aphragn1|s opened unti |

ateau |ight power

t he

| i ght power at the exit of the nghﬂbgi Rewaes to give a val ue of
s too
high or low at the lightc-limter ' H he | anp power supply

shoul d be adjusted. The |ight power is then neasured at the glass slide on

the m croscope st age,

is partially closed to give 0.044 to

albumin, and pentoxyfylline for measuring the

changes in cell membrane fragility rather than simply cell membrane
rigidity and distinguishing between a change in membrane fragility
due to altered lipid layers and a change in membrane fragility due

to altered protein layers of said cell membrane.--

-~  Claim 20.. The method for measuring the
strength of a cell membrane as claimed in Claim3 , further
comprising the step of selecting human red blood cells as said test
cells and comparing said selected red blood cells-with control
cells for detecting the'disgase diabetes by changes in the cell-

response curve member integrity caused by the disease.--

- Claim 21.. The method for measuring the
strength of a cell membrane as claimed in Clain 3., further
comprising the steps of detecting drug-induced alterations in human
cell membranes and distinguishing between drug-treated and
nontreated human cells by adding known amounts of said drug to
untreated cells as a function of time after drug treatment and by
comparison to the effect of anotehr test drug, pentoxifylline which
is a therapeutic agent which increases peripheral blood flow and
increases the "flexibility" of cell membranes to permit easier

passage of red blood cells through blood vessels.--

-- Claim 22, The method for measuring the strength

of a cell membrane as claimed in Claim 2, further comprising the

A

and the built-in diaphragmof the substage condenser



0.052 (0.048 preferred) mlliwatts of transillum nated |ight Power at the
glass slide. To begin calibration of the epi-illum nation pathway, a drop
O fluorescein diacetate (1.0 ng/ M concentration) is placed on a gl ass

m croscope slide and is covered with a glass coverslip. The slide is placed
in a sanple carrier which is positioned This is tmﬁlslkliiﬂquﬁailﬁmmlacsmeet

Al

step of determining the level of ATP (adenosine triphosphate) in
the cell membrane of cells in the cell containing solution by
treating the cell containing solution with known amounts of said
ATP and comparing the membrane integrity of cells in the untreated
cell containing solution with the membrane integrity of human red

blood cells in the treated cell containing solution.--

~=-  Claim 23. The method for measuring the
strength of a cell membrane as claimed in Claim 3, further
comprising the step of selecting human red blood cells as said test
cells and comparing said selectedred blood cells with control humnan
blood cells for detecting the disease sickle-cell anemia by changes
iﬁ the cell~-response curve due to changes in cell. membrane

integrity caused by the disease.--

- Claim 24 . The method for measuring the
strength of a cell membrane as claimed in Claim 3, further
comprising the step of selecting human red blood cells as said test
cells and comparing said selected red blood cells with ébntrol
human blood cells for detecting pathologic alterations in human
cell membranes by changes in the cell-response curve due to changes

in the cell membrane integrity caused by the disease induced

pathology.-~

-~ Claim 25. The method for measuring the

strength of a cell membrane as claimed in claim 2, further

LT



23 the..stage of the mcroscope. The transillum nation pathway is bl ocked by
pl acenment- of an opaque filter on the field limter. The variable circular
di aphragm of the epi-illum nation pathway is slighii ﬁﬂﬁbﬂ&ﬁanmiﬂbus

fluorescent image of a pin-hole in this diaphragm j 4“‘ IMI
I's circular

m croscope-attached tel evision canera tube. The di Il

adj ustnents are used to center the fluorescent inmage of t

di aphragmin the television field-of-view. The circular diaphragmis then
openeq futly and the fixed

comprising the step of selecting human red blood cells as said test
cells and comparing said selected red blood cells with control
human blood cells for differentiating between normal human cells
and single-disease altered cells and for distinguishing said normal
human cells and said single-disease altered cells from multiple

disease altered cells.--

Claim 26.. The method for measuring the strength of
a cell membrane as claimed in Claim1 , which comprises the step of
adding an inactive cell-attacking chemical agent to said cell
éontaining solution, safd inactive cell-attacking chemical agent
conprising melecules absorbing radiant energy in a range of about
300 to about 900 nanometers creating highly reactive electron
deficient atoms therefrom producing a radiant energy sensitive
solution, further including the step of selecting a specific
fluorochrome as said cell attack-agent for a specific type of

cell.--

- Claim 27 . The method for measuring the
strength of a cell membrane as claimed in Claim 1, including the

step of varying said osmolality of said cell containing seclution.--

- Claim 23 . The method for measuring the
strength of a cell membrane as claimed in Claim 1, including the

step of varying the concentration of said cells suspended in said

0 L) R A R



rectangul ar diaphragmis inserted into its carrier in the epi- illumnation
pat hway. The hol der adjustnents for the rectangul ar di aphragm are adj usted
to center the fluorescent image of this rectangul ar diaphragmin the

television field-of-view. The bulb adjustnents in the |anp housing for the

epi -illum nation pathway are then used to produce an even fl uorescence
across the television imge of the rectangul ar di aphragm The circul ar
di aphragm of the epi-illum nation pathway is closed conpletely and then

opened to the point where the rectangul ar di aphragmis iﬁﬁgﬁ@nﬁ%fgeuniform

eorestent restangula ares v ot i

cell containing solution.--

-~ Claim 29.. The method for measuring the
strength of a cell membrane as claimed in Claim 2, including the
step of applying said second radiant energy to produce a pattern of
changes for untreatednormal cells with normal membranes and normal
metabolism and comparing the strength of the membrane of said
untreated normal cells with the strength of the membrane of cells
which have been treated by exposure to a chemical agent.-~

--  Claim 30 . The method for measuring the
strength of a cell membrane as claimed in Claim 29, which comprises

the steps of adding a cell membrane altering including anesthetic

agents, pentoxifylline, diamide, glutaraldehyde, and
chlorpromazine. -~
- claim 31. The method for measuring the

strength of a cell membrane as claimed in Claim 29, which comprises

the steps of adding a cell membrane altering environmental toxic

agent including a heavy metal. --

- Claim 32. ' The method for measuring the

strength of a cell membrane as claimed in Claimgg., which comprises
the steps of adding a cell membrane altering biological agent

including a virus, a bacteria, a hormone, or an enzyme.

S 1R



reflections of stray light rays in the television field-of-view The |ight
power of ‘the epi-illum nation pathway is neasured at the focal plane of the
obj ective | ens (which corresponds to the position of the coverslip in the
sanple carrier on the mcroscope stage when that coverslip is in focus in
t he 24 relevision field-of-view), and is adjustedThiOSHae ¥iad Bken REp1leq39 O

T

e vty mae -
~

-- Claim 33. The method for measuring the strength
of a cell membrane as claimed in Claim 32, which comprises the
steps of adding a cell membrane altering biological agent
comprising a disease including diabetes, hypertension, anenia,

sepsis, and an altered immune system. --

-~ Claim 34, The method for measuring the strength
of a cell membrane as claimed in Claim 1, further including the
step of adding an intracellular membrane-bound specific test drug

to said cell containing solution.-=-

-~ Claim 35 The method for measuring the strength
of a cell membrane as claimed in claim !, further including the
step of adding an extracellular membrane-bound specific test drug

to said cell containing solution.--

- Claim 36. The method for measuring the strength
of a cell membrane as claimed in Claim 1, further including the
step of preparing a micro-sample of about 25 microliters (upl)
of said radiant energy sensitive solution within a covered well
means and placing at least one water. saturated wick within said
well means in close proximity to said micro-sample for preventing
dehydration of said micro-sample of said radiant energy sensitive

solution.--
--  Claim 37. The method for measuring the strength

12
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41 (0.40 preferred) milliwatts by parti al

objective lens. (If the |[ight power is too low at this point, the
epi-illumnation light bulb has aged and oul d be replaced.) Neutral
(ND) filters are then placed one at atinm in the epi-illumnation pathway
to provide callbratlon of %dUﬁE ecreases in epi-light power at the

focal plane of the
0.32 ailliwatts for
: = 0.12 mll

and 0. 10 -

ND of O. 6.

of a cell membrane as claimed in Claim ', including the step of
producing a cell-response curve having at least four different
guantitative measurements of cell membrane integrity for said

selected time intervals of cell strength measurement. -~

- Claim 38. A method to measure the strength of a

cell membrane, comprising the steps of:
isclating test cells whose mnembrane strength is to be

measured:
. suspending said test cells in a physiologic solution of
selected osmolality rénging from about 200 to about 400
milliosmoles forming a cell containing solution;
™ adding an inactive cell-attacking fluorochrome agent to said
cell containing solution, said inactive cell-attacking fluorochrome
agent absorbing radiant energy in a range of about 300 to about 900
nanometers for forming highly reactive electron~deficient atoms
therefronm for producing a radiant energy sensitive solution;

preparing a micro-sample of said radiant energy sensitive
solution containing said cells in a localized microscopic Afea:

applying a focused first radiant energy at a selected
wavelength in a range of about 300 to about 900 nanometers to said
cells in said radiant energy sensitive solution for determining the
number of intact cells in said localized microscopic area of said
micro-sample at a selected time;

determining the number of cells having intact membranes in

said localized microscopic area of said micro-sample:

LT L

cl osure of the diaphragmin the

Density

m nal epi-light power values are 0.30 -
0.18 - 0.20 mlliwatts for an ND of 3,



The amount of epi-illumnation,

att-ack to disrupt cells in a mcro-sanple described bel ow on the

m croscope st age,
equal s epi-light power at the m cro-sanple,
exposure, divided the mcro-sanple area of epi-light exXpQstHeg as Q!

above-

escri bed equi pnent configuration and calibration
of epi-light exposure is determ ned by the fixed rectang [ M%’,

n

whi clv hag—a projected i mage area of 0.000175 cn? (140.91
[err]m) at the focal point of the m croscope

applying a focused second radiant energy at a selected
wavelength in a range of about 300 to about 900 nanometers to saigd
jnactive cell-attacking fluorochrome agent in said radiant energy
sensitive solution for a selected time and a selected interval at
a selected different wavelength than said focused first radiant
energy, said second radiant energy photoactivating said cell-
attacking fluorochrome agent producing said highly reactive
electron-deficient atoms from said cell-attack fluorochrome agent
in the said radiant energy sensitive solution:

reacting said highly reactive eléctron-deficieﬁt atoms fromn
said cell-attacking fluo;ochrome agent with said cell membranes in
said localized microscopic area of said micro-sample disrupting
c;il membranes permitting loss of cell contents and changing the
cell absorption of said focused first radiant energy:

analyzing the strength of said cell membrane quantitatively by
comparing the amount of said focused first radiant energy absorbed
by said cells in said localized microscopic area for a selected
time after exposure to said focused second radiant energy for a
selected time interval, with the amount of said focused first
radiant energy applied before, throughout, and after the
application of said focused second radiant energy:; and

comparing the starting number of cells with the maximum number
of cells disruptéd! the time to reach disruption of 1/2 of the
maximum number of cells to be disrupted, and the maximum rate of
cell disruption and producing a cell~response curve having at least

four different guantitative measurements of cell membrane

MWD
* c L M S *

which is used to provide a light-stimulated

is quantitated as a Light energy density (ED) which
multiplied by time of epi-Ilight

t he
ﬁ’cegr ea



obj ective | ens. A comon unit for light energy density is Jcules/cnierr]
where the Joule equals the total energy that is released in one second a
one-anpere current flow ng through a one-ohmresistor (which 5 electrically
equi valent to one watt or 1000 mlliwatts of power for one second) For t he
above-described calibration cocedure, the epi-|i-ght Prouike Hes BERARL as

milivwatts (my by “'" m ””"!

e ddadd
'

integrity. ==

~- Claim 35 The method for measuring the strength
of a cell membrane as claimed in Claim 2, further comprising the
step of determining the level of glucose in the cell membrane of
cells in the cell containing solution by treating the cell
containing solution with known amounts of said glucose and
'comparing the membrane integrity of cells in the untreated cell
containing solution with the membrane integrity of human red blood

4

cells in the treated cell containing solution.--
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the UT Optoneter, and epi-exposure tine is neasured in 0.01 mnute
increnments by the tinme-date video-insertion generator. e followng fornula
is used to convert these neasured units to epi-light energy density (ED)
with units of J/cnferr] (i.e. pules + cnferr]): ight Energy Density = Light
Power x time - area; or pules/cnferr] = Watts x Seconds + cnierr]; or
D(J/cnferr]) = (mv[err] 1000) x (mnutes x 60) - (0.000175 cnR); or D

(J/cmerr]) = (34[err]2.86) x (M) x (m nutes) 1 cn2. The above-descri bed
calipration procedure gives..the .

ABSTRACT g
A method of determining cell membrane strength is di;élosed,
using focused light of selected fregquency and energy density.
The method is also useful in diagnosing the presence of certain
diseases in cells, by comparing the membrane strength of cells
exposed to cell-characteristic altering drugs to the membrane

strength of a control group of cells.
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[err]l. lowng epi-light energy densities (ED at the focal point of e
m cr oscope objective |lens) which result fromuse of the referred

epi-illum nation neutral density (ND) filters: This is the replacenent
sheet 26 ND POVER ( nw) ED (Joul es/cnferr] 0.0
0. 40 137.14 x exposure mns
2
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0.1 0. 32 109. 71 x exposure mns 0.3 0. 20

68. 57 x exposure mns 0.6 0.10 34.29 x exposure m ns
typi cal exposure tines are 2 to 10 mnutes to give final radations in the
epi -light energy density over a range of 68.58- 1,371.40 J/cnR for
light-stinulated attack to disrupt cells in mcro-sanple on the m croscope
stage.. The last step in mcroscope calibration is adjustnent of the anera
target-voltage when the cell mcro-sanple is first placed n the m croscope
stagg. This adjustnent qualitatively positions

2
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he canera target-voltage (baseline target current) at pproxintely the

m dpoi nt of the linear voltage range to give a easonable television picture
for the transillum nated-light inage of the cell mcro-sanple. Quantitative
measurenent of this starting canera voltage is not required because
subsequent Changes in light-intensity at the canera target are neasured as
a percentage change in canera target current, which is independent f the
starting target voltage when that target voltage is in the |linear voltage
range of the canera. - : -
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27 Cell Ccllection procedure Arterial, venous, or mxed capillary (finger
stick) blood Fan be used for mcrophotolysis of red blood cells. The data
in this patent report were obtained from standard veni puncture of he
antecubi tal vein in awake humans and the ear vein of awake New Zeal and
white rabbits (2.5-4 kg) to collect blood (typically 1-2 ml) into sterile
tubes which contained citrate to prevent
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lotting. Blood is stored in a 0-4 Crefrigerator before preparation of

bl ood speci nens and cell mcro-sanples. Al cell and sol ution procedures
use only sterile disposable pipette tips, mcrocentrifuge tubes, bottles,
stoppers, and | abware to prevent cell contam nation and infection. Buffer
Sol ution Preparation Subsequent bl ood dilutions (described bel ow) are done
with a typical buffer solution consisting of 7.6 g/I Nad, 0.26 g/l

NaHPJ err] E[err]O 1.28 g/l Na[err]EP( err], 4 g/l gI ucose, and 5 g/l

bovi ne - e
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serum al bum n. Buffer solution [err]His adjusted to 7.4 (normal bl ood pH)
by addition of 1IN NaOH The final osnolality of this buffer solution is 311
nOsm (near normal blood [err]H). OQther buffer Solutions can be used;
however, glucose and al bumi n are necessary ingredients to stabilize the
cell preparation and to provide restricted-perneability nol ecules for
control of transcellular water novenents which can affect the subsequent

m cr ophot ol ysi s
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rocess. Likewise, a final osnolality of 295-315 mOsmis Critical since
overall buffer solution osnolality also affects the rapid phase of
transcel | ul ar water novenents. The final step in buffer solution
preparation is vacuum spiration of the buffer solution through a sterile
0.2 mcron Nalgene filter to renove any bacteria or other particul ate.
ontam nants. The filtered buffer solution is allocated into terile glass
bottles (20 m preferred) with rubber stoppers for ubsequent cell-specinen
pr eparatton—Fruorochrore—Sel-ut-i-on Preparati on
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The type of light-activated agent that is used for cell attack is specific
to the type of cell to be analyzed, and there is nore than one type of

cell -attack agent for any one cell type. For exanple, phloxine B,

eosi n-i sot hi ocyanat e, pheophorbi de, and protoporphyrin have previously been
used for photohenolysis in a relatively |arge-volune cuvette. The preferred
cell-attack fluorochrone for damage of red bl ood cell nenbranes by

m crophotol ysis is fluorescein isothiocyanate (FITC) which is Conjugated to

a | arger macromplecul e (20 000 dalton dextran preferred). FITC dextran is
preférred because it does not enter
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the cell, and there is little blood absorption of |ight energy at This is
the repl acenent sheet 29 he FITC-excitation frequency of 480 nanoneters.
Thus, 'the easured |ight energy which is projected onto the mcro-sanple
lives a precise anmpbunt of activated FITC as a cell-attack agent. The

FI TC-dextran is mxed with a 0.9% NaC solution to give
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n FI TC-dextran concentration of 50 ng/m . In the subsequent cell

m cro-sanple, the final FITC dextran concentration in the cro-sanple should
be in the 2-8 ng/mM range to give the best ight-activated cell-attack
stimulus for m crophotolysis of red blood cells. Cell Specinen Preparation
M crophot ol ysis can be applied to different types of cells, [and the

cell -separation part of the cell preparation procedure ill depend on the
cell type. The follow ng describes the procedure for red bl ood cells.
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+ The refrigerated blood is inverted gently to mx the blood, and is then
diluted (1 to 1) with equal parts of the buffer Solution. A small anpunt
(80 to 100 [err]l) of the diluted blood is drawn into a m crohematocrit
tube which is spun in an IEC MB The matocrit centrifuge at the reconmended
speed to conpact the red blood cells toward one end of the m crohematocrit
tube. The length of the conpacted red blood cells is then neasured to give
the hematocrit (%cells) of the diluted bl ood.
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The final cell-specinen is a conbination of the diluted bl ood,

FI TC-dextran, a test drug (if any), and the buffer solution to give a
cell-specinmen volunme of 1 mM with a conposition of 0.5 to 6.0%red bl ood
cells, 2.0 to 8.0 mgy/mM FITC-dextran, 0 to 10 ng/m of test drug, and the
remai nder as uffer. As an illustration, a cell specimen with 4 ng/m of

| TC-dextran (which cones as a 50 ng/m fluorochronme solution as escribed
above), 3% red blood cells (which cones froma dlluted bI ood soI ution vvlth
25% hematocrit), and 3-ng/m of test drug
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(which cones as a 20 ng/m solution) is obtained by m xing 0.08 mn
(calculated as 4/50) of the fluorochronme solution, 0.12 m (cal cul ated as
3/ 25) of the diluted blood, 0.15 m (cal culated as 3/20) of the test drug
solution, and 0.65 m (calculated as 1.0 - 0.08 - 0.12 -0.15) of the buffer
solution. Based on this appproach, individual, or conbinations of, soluble
materials or drugs can be tested for an effect on cell response to

m crophot ol ysis by standardi zed |ight-activated cell-attack stimuli. Cel

M cro+Sanpte Preparation .
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~Any type of small volune (50 pl or |ess) chanber of transparent
wat er -i npervious material, such as plastic or glass, can be used to give a
cell mcro-sanple on the mcroscope stage. The crucial aspect is a chanber

and filling procedure that Prevents mcro-sanple | oss of water (which would
change the cell 31 mcro-sanple constituent concentrations to alter the
i
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m crophotolysis). The follow ng describes a sinple new mcro- anple
preparation. A hemacytoneter (Neubauer preferred) and cover slip are
terilized in alcohol and air-dried. As a novel approach of the resent

i nvention, four Kerr absorbent points (dental cotton ticks for cavity
preparations) are placed in a 0.9% NaCl olution to saturate them A fine
forceps is then used to place wo saturated Kerr points in each side-well of
the hemacytoneter, ith care to ensure that no Kerr point touches the inside
edge_of he hemacytoneter trough (otherw se, the solution in the Kerr

RED BLOOD CELL SENSITIVITY
OF RATS TO DIABETES (D) AND
TO HYPERCHOLESTEREMIA (H)
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oints would dilute the mcro-sanple constituent concentrations). he
saturated Kerr points are a novel approach to provide a saturated" water
vapor pressure to "replace" any potential loss f mcro-sanple water by
evaporation through the entrance of the emacytoneter chanber to the

at nosphere. A small drop-dispenser is used to pick up a solution of 2.5
[err]g/l globulin (made in distilled water), and this solution is [applied
to coat the coverslip rests of the hemacytoneter. The coverslip is placed
on the _hemacytoneter_rests and is lightly tapped to seal the coverslip to
t he gl obul i n-coat ed hermacyt onet er

RED BLOOD CELL SENSITIVITY
OF HUMANS TO CHANGES
IN CELL CONCENTRATIONS
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rests. This is a novel approach of the present invention to reduce
evaporation of water fromthe cell mcro-sanple. In the customary approach
the coverslip just lays on the hemacytoneter This is the replacenent sheet
32 rest without use of a sealant. Small irregularities in the nearests”
| eave smal | openings between the coverslip and the

D BLOOD CELL SENSITIVITY OF HUMANS
TO PTFX EXPOSURE OF 1 HOUR

MR % T1/2 (MIN) SLOPE (%/MIN)
100 —+ . 45 —+ 20 —
80 -+~
15 +
30 4
60 -
10 T
40 —+
15 —+
5 P O
20 -+
0 -} 0 i f i 0 } |
0 0 1 10 0 1 10
mM mM
FIGURE 17

Sheet Has Been Replaced

i




nearests."” The use of a globulin solution in the present invention -to
seal these small openings is a novel approach to prevent evaporative water

| oss fromthe cell mcro-sanple. The cell mcro-sanple solution is gently
m xed by inversion of the solution vial. A sterile transfer pipette is used
to aspirate the cell mcro-sanple solution fromthe vial and to apply 22-25
[err]] of the solution to the opening of the hemacytoneter/coverslip
chanber. Capillary action draws the cell mcro-sanple solution into the
hemacytonmet er chanber "(Whi ch has a preferred depth of 0.1 mmto standardize
t he nunber of cel

D BLOOD CELL SENSITIVITY OF HUMANS
TO PTFX EXPOSURE OF 24 HOURS
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| ayers). The hemacytoneter is then placed in a sanple carrier which is
positioned on the m croscope stage. At this point, the transillum nation
| i ght pathway is opened (by renoving the opaque filter fromthe field
limter) and the cell mcro-sanple is brought into focus. The tel evision
canera target-voltage is adjusted to the m drange (descri bed above in the
m croscope cal i bration procedure).

DATA FROM AFRICAN AMERICANS
WITHOUT SICKLE-CELL DISEASE

MR (%) Ti/2 (MIN)  SLOPE (%/MIN)
100 — - 45 —+ 20 |
T
80 —+
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20 +
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33 M crobDhotolysis Cell-Attack Procedure The tel evision-m croscope inmages
in the follow ng procedure are video recorded for post-procedure analysis.
(These i mages ban al so be anal yzed on-line at the tinme of the procedure.) A
five-mnute waiting period is used for cells to settle in the mcro-sanple
hemacyt onet er chanber. Roomtenperature is recorded and henmacyt oneter
tenperature is kept at 23.5 to 24.5[err] Cto mnimze Browni an notion of

t he [ed bl ood cells in the cel

DATA FROM AFRICAN AMERICANS
WITH SICKLE—CELL DISEASE
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"mcro-sanple. The cells are brought to focus during transillum nation to

give a contro
m cro- sanpl e.

readi ng of

Then,

"background optical density" for the cel

the transillum nation pathway is closed by placing the
opaque filter on the field [imter. The time-date video-insertion generator
Is reset to 0.00 time (in mnutes) and is started at the instant that the
epi- illumnation light pathway is opened (by renoving an opaque filter
fromthe epi-light pathway). The focus of the fluorescent image is checked

and®*readjusted 1 f necessary. The epi-

DATA FROM AFRICAN AMERICANS
WITH SICKLE—CELL DISEASE
AND HEMAGLOBIN—-F
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| i ght pathway to give

a desired cell-attack stinulus which is nmeasured as an epi-illum nation

energy density in Joules/cnferr]

cal i bration procedure).

the epi-illuination

in the epi-
34 End of the cell-attack stinulus tine,

(as described above in the m croscope

density filter

illumnation is left on for the necessary tine (1 to 6 mnutes Preferred)
At the

with a presel ected neutral
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pathway is closed (by placing the opaque fllter in the epi-light at hway)
and t e tTTansrttommation pathway—ts openei (by,,PeA@ml, nthg@L@gaque(ﬂ ttier
on the fi GREPLAGIEQIS}-{EEJT@ veS@!l | fcro-s =4 TBEGS: p ﬁIje§erq p%l I”\1 geiges
are r rded until ¢ di sruptjponjof cel I;ga’@as“(t;)eac & gImXxi :
t han HF%'P“%‘GIH@‘*%I i 19 R7ge n! ‘The rect apgmtt ‘e,pJ, |§fﬁg& """ mcfﬁ'
60 m Eeinas elrapstd].. woimbevels.obcurs f gf ol ' 229 ot!
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A MICROPHOTO LYSIS-~ANALYSIS PROCESS

TO MEASURE CELIL CEARACTERISTICS AND DIAGROSE DISEASES

BACKGROUND OF TEZ INVENTION

Most biological cells can drastically change their shape
{called cell deformability) without a change in the functional_
integrity of the cell membrane. Under certain conditions, the
cell membrane can rupture to lose cell contents (called cell
fragility). Cells can have any combination of a high-td-low
ﬁefarmability and a high-to-low fragility. BHowever, most cells

.normally have high deformability and moderate-to-low fragility.

.Deformability is an important characteristic for function of
some normally stationary cells such as "sensory receptors” and
normally moving cells such as blood and lymph cells. Cell
fragiliiy is'an important characgeristic for almost all body
cells because changes in the cell environment can shift water
into a cell to rupture fragile cells. Thus, changes in cell
1fragility can also change the ability of a cell to perform its
normal function. For example, an abnormally high frégility to
rupture part of the circulating pool of red blood cells will

reduce the transport of oxygen to tissues. Thus, fragility might

clinically be a more important cell characteristic than

deformability.
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timulus. This procedure allows many neasurenents of m crophotolysis at
different cell-attack levels (epi-illum nation energy densities) on each
cell mcro-sanple. Eemacytoneter grid tetchings are used to identify the
|.ocation of each cell-attack area which prevents inadvertent overlap of
cell-attack areas in nultiple mcrophotolysis procedures on the sane cell

m cro- sanple. M crophotoanal ysis Procedure After the cell mcro-sanple (in
t he hemacytoneter) has been Placed on the m croscope stage, there is a

five-mnute period for 5 _
i

j ) . : .o
lstorage, treatment with a variety of membrane-binding drugs, and

Cell fragility changes with ceil aoe, duration of Eloed-bank
;rogression of membrane or hemoglokbin-related diseases such as
gickle-cell anemia and diabetes. hus, a rapid, highly accurate,
and easily applied method is needed for clinical measurements to

"  assess cell fragility as an index of cell ability to function
(called cell integrity). The current methods use mechanical
forces primarily to assess the deformability or fragility of red
blood cells. These current methods include Osmotic-Gradient
Ektacytometry, Filtration, Micropipettﬁ_Suction, and Osmot;c
Fragility. Of these, only the Osmotic fragility mefhoa ls

commonly used in clinical laboratories.

Osmotic~Gradient Ektacytometry is one technology that has
bgen developed to measure cell deformability. This technology
us;s a viscometer to ﬁeasure shape changes which are induced in
red bléqs cells by different osmotic solutions at various levels
of rotatfonal‘speed (called applied shear stress). ,The use of
different osmotic solutions offers the potential for;this
Ektacytometry method to determine several properties which could
influence the deformability of red blood cells. However, the
osmotic-spectrum curves which are produced by Bktacytometry are
complex and very difficult to interpre:i. These curves are also
subject to high variability due to changes in sample ambient
temperature, pH, and plasma osmolality. Thus, Ektacytometry

currently requires very sophisticated ecuipment, extensive

g iy s coni g cend sheet
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cells to settle in the mcro-sanple chanber. At this point,
transillumnation gives a relatively dark speckl ed-image of the This is the
repl acenent sheet Date: mcro-sanple in the television field of view
The speckled ature of this inmage is caused by the presence of red bl ood
cells with a biconcave shape, as shown in Figure 22.

operator training, and highly controlled test conditione to maka

it usable, but only in a few research labcratories and not in the

clinical setting.

Other methods for measuring cell deformability include
filtration through various size pores, aspiration of cells into
micropipettes of fixed tip size and taper, and a photometric . .
technique. All of these methods also reguire very sophisticated
equipment and substantial operator training; and they are
extremely time consuming for analysis qﬁ relatively few“céiis in
d few samples. Thus, these methods havé also not been accéﬁ%ed

into general clinical use.

Impedance measurements (Hands et al, United States Patent
Nq: 4,835,457) and time measurements (David D. Paterson, United
States PatEnt No. 4,49i,012) have been made on red cells that ,
pass under pressure through a membrane or a foil system (Helmut
Jahn, United States Patent No. 4,797,606} as variatiogg'of the
Filtration method for measurement of cell deformability. These
variations are extremely sensitive to manufacturing tolerances on
the filter or foil and they primarily measure only deformability
rather than cell fragility. Thus, these variant Filtration

methods have alsoc not been accepted into common clinical use.

~ The" Osmotic Fragility test was one of the earliest methods

that was developed for assessment of red blood cell integrity,

S I T



This transillum nation speckl ed-i mage area (which is 6 to 10 tines |arger
than the epi-illum nation rectangul ar diaphragmarea) is digitized (I mge
Technol ogy digitizing board preferred) to give a digital image with 512 x
512 pixels (1024 x 1024 woul d increase analysis precision) with a digital
val ue between 0 and 255 to represent the light intensity of each inmge

pi xel . The nmean of ALL pixel values in this speckled image is cal cul ated as
a mcro-sanple "background light intensity (BLI)" with a value between 0
and 255 (a typical value is 100 to 150). As described above (section on

M crophotol ysis Cel | - Attack 4

and it is one of the few tests currently ig clinical use. The
osmotic Fragility test is time-consuming, requires multiple blood
handling steps, usually requires relatively large blood samples,
-and proviaes no information about the lysis {(cell membrane
disruption) rate. These limitations and the lack of sensitivity
Eto mild or moderate changes in cell fragility has often led to

the clinical use of this osmotic test only for diagnosis of one

disease called hereditary spherocytosis.

It was first shown some fifty years ago that some chemicals
can be changed by light (called photoactivation) to induce the
rupture or breakup of red blood cells (called hemolysis) in a
test tube. Since then, this basic process (éalled
photohemolysis) has been extensively studied in a variety of

tegt~tube experiments.

o
hd &

The mechanism for photohemolysis is oxygen dependent and .
probably involves the generation of singlet oxygen witﬁ the
subsequent oxidation of proteins in the red blood cell membrane.
This protein oxidation leads to the creation of water channels
with an increase in passive cationic exchange and the subsequent
influx of water into the cell to produce hemolysis.

Photohemolysis could also involve peroxidation of the lipid
layers of the cell membrane. This peroxidation would alter

membrane fluidity in the lipid bilayer to limit the ability of
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Procedure), the epi-illumnation |ight pathway is opened (by renoval of the
opaque filter) for a pre-selected tine to activate a cell-attack stinulus
within the epi-illumnation rectangular area on the cell mcro-sanple

i mage. Then, the epi-illumnation |light pathway is closed. Transillum nated
m cro-sanple imges are then digitized at 30-second intervals over the next
60 mnutes (or until there are 5 or fewer intact cells within the

rectangul ar cell-attack area in the inage). After exposure to the
epi-illum nation rectangul ar area of Cell-attack stinmulus, the part of the

cell mcro-sanple that was . -
|

the cell to undergo shape changes, whicn are'dependent'éh chalgey

i
in the lipid bilayer.

; Thus, there is considerable scientific evidence to show that
Lertain chemical agents can be photoactivated to disrupt red
ilood cells by altering either the protein or the lipid layer of
he cell membrane. These membrane alterations disrupt membrane
f'htegrity to permit water inflow which changes cell shape (called
:cell deformability) by increasing cell volume until the "internal
Icell pressure" breaks the cell membrane, (called cell fragility)
Eufficiently to permit loss of cell contents (called lysis or

hemolysis in the case of red blood cells).

Current clinical methods use milliliter guantities of blood
solutions to measure the osmolality (equivalent to internal water
pressufi) af‘which hemolysis occurs. However, these hemolysis
methods cannot separate changes in deformability from those in
fragility, cannot distinguish between loss of membraﬁe integrity
due to protein layer changes and that due to lipid layer changes,
and cannot determine "rates of hemolysis" to provide a more

sensitive hemolysis test for clinical use.

Current clinical methods are "macro" techniques in that
relatively large blood volumes (milliliter quantities) are
exposed to various osmotic solutions to determine hemolysis.

These Osmotic Fragility tests are generally performed in

ms E e onincamant sheet
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exposed becones brighter and | oses its speckl ed appearance as a unction of
time in the transillmnated i nage. This occurs ecause cells in the
cell-attack area lose part or all of their contents and their menbranes

| ose functional integrity as a m crophotolysis response to the cell-attack
stimulus. The values of the inmage pixels in the rectangul ar approxi mately
60 x 50 pixels) cell-attack area are averaged, and

0
elatively large test tubes or cuvettes using parallel”light‘fof'
hctivation. Likewise, current photohe=zolysis research methods
Qre also "macro” techniques in that milliliter quantities of
H

blood are exposed to photoactivation, and long analysis times are

pes

required to obtain a single measurement. Photoactivation of red

lood cells incubated with 0.1mM of protoporphyrin as a "cell~

M-brnav

{
%o achieve a modest 20% hemolysis while a 100% hemclysis requires

e =

attack" agent requires about twenty minutes of illumination time -- -

a 25-minute or longer exposure. Similarly, more than twenty
minutes of light exposure is needed with pheophorbide ;; £ﬁe
‘cell-attack agent to give about a 90% hemolysis. Light exposures
of 3-4 hours are needed with eosin-isothiocyanate as the cell-
attack agent to give maximal hemolysis which occurs about 11
hours after photoactivation. BAll of these current methods
require extended time periods primarily because they use

. .

unfcchsedblighﬁ which limits the activation to low light power

densities. : -

All of the current Osmotic Fragility and Photohemolysis
methods require multiple dilutions, centrifugation, and analysis
in a spectrophotometer to give single measurements of a percent
cell hemolysis. Thus, the current clinical and research methods
are time consuming, and simultaneous light-dose and time-
dependent relationships are next-to-irpossible to obtain from one
blood éémple. Some researchers have used a light scattering

device to detect photohemolysis. Howsver, this device is very



his pixel average is conpared in successive digitized inmages for O m nutes

or until this pixel average rises to a plateau val ue which does not change

by nore than 1% for 3 mnutes (6 inmages). he transillum nation i mage at 60
mnutes or the first ransillum nation mcro-sanple inmage with a plateau for
the average value of the inmage pixels in the rectangular cell-attack rea is
defined as the maxi mal cell-response i mage. The 30 ighest pixel vaues (10%
of total pixels) in the rectangular cell-attack area of the maxi nal

cell -response image are averaged to define a digital value which represents

an imge area with no 5

ensitive to very small changes.in red blood7ceil cénceﬂhfations,

nd this device requires a monolayer of red bloed cells with a
Fed cell concentration of less than 0.00025% which is extremely
hifficult to achieve even by current micropipetting systems.
'%ven then, this cell monolayer method is quite time-consuming
since 100% hemolysis requires 4 hours with phloxine B as the

cell-attack agent.

l SUMMARY OF THE INVENTION

: t

{ The.present invention includes a new "microphotolysis"
process to apply precise quantities of focused light energy to a
‘precise microscopic area of a very small cell s#mple (a cell
jmicro-sample of less than 25 pyl) to activate a chemical agent
%Whlch then attacks the nearby cell membranes. The present
_invention lncludes a new “"microphotoanalysis" process which
measures, as aifunction of time, the precise degree,of cell
disruption which is caused by the photoactivated cheﬁical in the
microscopic area of cell-attack. This procedure gives a
quantitative, time-~related, light-dose dependent measure of cell

fragility.

The present invention (called the Microphoto Lysis-Analysis
Process) has several advantages over other current methods which
give felatively imprecise estimates of cell deformability or cell

fragility. The Microphoto Lysis-Analysis process uses focused
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intact cells (called the "total-lysis" light intensity or TLI). The average
value for all pixels in the rectangular cell- attack area is defined as a

"Response-Area Light Intensity (t) for each digitized transillum nated
m cro-sanpl e i mage. These Response-Area Light Intensities (RLI(t)) are
converted to relative -Response-Area Optical Densities (Response OD(t)) by

the foll ow ng fornul a:

8
iight to activate the cell-attack chemical only in a vefﬁ smalil
\ efined area of a cell micro-sample. Thus, multiple micro-sample
?reas can be used to obtain multiple photoactivations with one
- %rea as an unactivated control in a single micro-sample. Also,

P

wach micro-sample area is analyzed before photoactivation to

';royide its own control value for determination of the lysis
-esponse. In contrast to other methods, this multiple-activation

Eelf-control feature of the present invention provides an

venergy-dose lysis-response” test to give very precise time-~

related measurements of cell membrane.f;agility.

Unlike other methods, the use of focused light on a small
area of a cell micro-sample in the present invention only
requires relatively short photoactivation times of 2 to 10

minutes with a short time, depending on the cell population, of

! 130 to Gb%minutes to complete cell lysis. Thus, the present
‘invention provides a first-ever complete microphotolysis response
i k]

curve to measure the rate of cell lysis within a total

measurement time of less than one hour on a single cell micro-

‘sample of 25 microliters (ul).

In the present invention, precise quantities (doses) of
various drugs can be added to the cell micro-sample to test for
the effect (efficacy) of these drugs to improve cell fragility.

Thus, the present invention can provide a first-ever complete

Thig i v 7 Do vaCEMient sheet
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Response OD(t) = 100=(TLI - RLI(t (TLI ELI), where | is the total-lysis
light intensity in the cell-attack area of the transillum nated
m.cro-sanple imge, BLI is the background light intensity for the entire
transillum nated mcro-sanple image, and RLI(t) is the response |ight
intensity as a function of tinme in the cell-attack area of the
transillumnnated mcro- sanple inage. The quantity (TLI - BLI) represents
the range of the average light intensity for the entire transillum nated

m cro-sanpl e i mage. The zero-tinme average light intensity of the
rectangul ar area before cell-attack (Rl (0)) can be | arger or

dose-response analysis for six drug doses on a total blood

hpecimen of 150 pl.

vnlike the other methods, the present invention (new
jprocess) requires no further cell manipulation after the micro-
hample is placed in the sample-carrier. The new process is easy
to perform with easy-to-conduct tests of reproducibility by
repeated photoactivation in a second micro-sample area. The new

process gives a microphotolysis that depends only on the light-

activation energy and on the concentration and formulation of the
cell~attack chemical. The new process is not complicated (as are
other methods) by variations in sample temperature (from the
light source) which could increase Brownian cell motion to

f confound the lysis measurements, or by non-specific effects of
other blood constituents such as plasma in the cell micro-sample.
Thus, the '?new!érocess creates- a very specific light-related

activity only in the area of focused light-activation,

The new process can measure alterations in cell membrane
fragility due to changes in membrane characteristics that are
created by a cell-attack agent that remeins and becomes activated
only outside the cell (an extracellular agent). The new process
can measure alterations in cell membrane fragility due to changes
in internal cell structures that are created by a cell-attack
agent that crosses the cell membrane to attach to internal cell

structures where the agent becomes photoactivated. Thus, the new

ny



smal l er than the average background light intensity (BLI) for the entire
transillum nated m cro-sanple area. Thus, the zero-tine Response-Area OO 0)
can-be larger or smaller than 100% of the optical density range for the

entire transillum nated mcro- sanple area. The avefh@g;ge RROSE: A ea Li ght
Intensity in the maxi mal cell-response i mage (RLI Il er
than the total-lysis light intensity (TLI) because s “ﬁ S,Emls can
remain in the rectangul ar area of the maxi nal respon t he

m ni nrum pl at eau Response-Area OD can heKI arger than zero.
. s )

brocess can provide first-ever detection cf diseases that alter
inly the cell membrane, systemic diseases which alter only the

internal cell composition, and cell alterations due to drug

ireatments.

The energy level for activation of an intracellular agent
fwill in part depend on the anti-oxidant status of the cell. Many
Eglls such as red blcod cells usually carry oxygen and these '
cells maintain a well developed anti-oxidant system to protect
the cell against auto-oxidation. Other, current technigues to
assess cell fragility or deformability cannot also assess anti-
-okidant activity because these other methods do not induce
oxidation reactions within the cell. The present invention can
measure the difference in cell fragility due to photoactivation
of\specific external and internal chemical agegts as a nevw method
to deterﬁ%ge the status of the agti-oxidant system in the cell.

The present invention is a new “"microphotolysis &nd
microphotoanalysis process” which uses a new combination of
generally available equipment in a new sequence of new

procedures, solutions, and new preparations.

Accordingly, it is an object of the present invention to
provide a new configuration of microscope, light source, light
control, television imaging, and video recording egquipment to

provide cell images at standardized illuminations.
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Figures 1 and 2 show the Response-Area optical densities as a function of
time fromthe begi nniTFx?S]?ef 2 I ve-m nute exposure O human red bl ood cells

to three levels of ce o P (expressed as Joul es per centineter
scuared). A cell -attil ‘ mul us of 245 J/cnferr] gives a
Response- Area OD whi c m a zero-tinme value of 105%to a

m ni mum pl at eau val ue of 18%

It is a further object of the present inventioun tu provice a
new microscope calibration procedure to provide microexposures of

£ . ‘e :
tells to quantitated, focused, frequency-specific light energies.

"It is a further object of the present invention to utilize a

%enerally known selection procedure to obtain a cell specimen.

It is a further object of the present invention to utilize
tpreparation of a standard buffer solution to provide a

"Jstandardized environment for the cell specimen.

It is another object of the present invention to provide a
!new method of use for a new preparation of a fluorochrome
.solution used for other types of measurements in order to provide
Ea*quantifiable new cell-attack stimulus for different micro—i

samples of the cell specimen.
& .

It is yet another object of the present inventioh to provide
a new method for preparation of the cell specimen to give a
standardized mixture of cells and cell-attack stimuli in a

standardized solution (buffer) environment.

It is a further object of the present invention to provide a

new micro-sample preparaticn for subseguent measurements for cell

disruption.
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at 46 mnutes after the beginning of the cell-attack exposure Figure 1). A
| arger cell-attack stimulus of 401 J/cnferr] gives a esponse-Area OD which
decreases from 102%to 6% at 31 mnutes fter the beginning of cell-attack
(Figure 1), while an even arger cell-attack stimulus of 638 J/ch i ves a
Response- Area OD hich decreases froma zero-tine val ue 882 '

| at eau val ue of 3% at 37 mnutes after the beginning of I " gure
2). These data show that changes in cell-attack tinmulus

ti me- dependent Response-Area OD curve by ffecting the nmagni tude of the

maxi mal OD change, the sl ope of %

It is a further object of the present invention to provide a
2new microphotolysis procedure for precision light-stimulated
;ttack to disrupt the cells in the micro-sample in a new

- gtandardized manner.

It is yet a further object of the present invention to
provide a new procedure for microphotoanalysis of micro-sample
gimages to measure the time-sequenced disruption of cells during
;1ight-stimulated cell-attack in small regions of the micro-

4

sample.

These and other improvements will be better understood on

reading the description which follows.

~ : BRIEF DESCRIPTION OF THE DRAWINGS

% .
<
© !

A better understanding of the present invention,will be had
upon reference to the following description in conjunétion with

the accompanying drawings, wherein:

Figure 1 is a plot showing curves for the percentage number
of surviving intact human red blood cells (measured as a relative
Response-Area Optical Density) in two rectangular areas of a cell
micro-sample as a function of time from the beginning of a light~
activated cell-attack stimulus of 245 Joules/cm®? (open circles)

which creates microphotolysis in one rectangular area and
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he Response-Area OD curve, and the tine to the hal f-maxi mal hange in
Response-Area OD. The variation in zero-tine Response-Area OD occurs before
application of the cell-attack stinulus and adds statistical Variation to

t he ti ne-dependent Response-Area OD curve that is produced by the
cell-attack stinmulus. To renove the effect of this attack-unrel ated
variation in zero-tine Response-Area OD, the follow ng three-step

normal i zati on procedure is perforned as illustrated in Figure 3, wherein:

1) The Maxi mal M crophotolysis Response (MR) is calcul ated

- L]

t01 Joules/cm? (filled circies) which creates microphotolysis in
{

second rectangular area.

Figure 2 is a plot showing a repeat of the curve {open
ircles) of Figure 1 for the 245 Joules/em® stimulus and gives a
Response~Area Optical Density curve as a function of time from
the beginning of a light-activated cell-attack stimulus of 638

Joules/cm? (filled circles) to create microphotolysis in a third

rectangular area of the cell specimen that gave Figure 1.
Figure 3 is a plot showing a repeat of the curve (open

‘circles) of Figure 1 as the graphical basis for definition of:

1) the Maximal Microphotolysis Response (MR) as the zero-
time Response-Area Optical Density (ZROD) minus the
Minimum Plateau Response-Area Optical Density (PROD);

3 . .
2} “the Percent Maximzl Response (MR%) as 100 times MR

divided by ZROD; and .

3) the % Response at a2 specific time t (% Resgoﬁse(t)) as
100 times the quantity, ZROD minus the Response-Area
Optical Density at time t (ROD(t)), that resultant

quantity divided by MR.

Figure 4 is a plot showing the three microphotolysis
% Response curves which are cenerated by application of the
definitions in Figure 3 to the three Response-Area Optical

Density curves in Figure 1 and Figure 2.
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as the zero-tine Response-Area OD (ZROD) m nus the M ninum Pl at eau
Response-Area OD (PROD); i.e. MR = ZROD - PROD. 2) The Percent

Maxi mal Response (MR% is calculated as 100 tines the Maxi mal

M crophot ol ysis. Response (MR) divided by the zero-tinme Response-Area OD

(ZROD): i.e. MR% = (100) (MR)/ (ZROD)

14

Figure 5 %§ a plot showing a repeac of the micfapha%&iysis
Response curve (open circles) of Figure 4 as the graphical
cosis for definition of:
X 1} the response half-time (Tuz) as the period from the
beginning of cell-attack to the time of the 50-percent
response value, and

2) the largest slope of the % Response curve as the Slope

at time t = Ty/2e

Figure 6 is a plot showing the % Response curve (ﬁeah * SEM}
For microphotolysis on day 1 at 7 hours (circles}, day 2
ksquares), day 3 (triangles), day 4 (diamonds), and day 5
%inverted triangles) after collection of red blood cells from "

Four rabbits.

AN

Figﬁne 7 is a plot showing the % Response curves (mean %

SEM) for the effect of cell-attack stimuli of 105 Joules/cm®
(open squares), 126 Joules/cm® (filled sguares), 159 Joules/cm?
{open triangles), 168 Jf/cm® (filled triangles), 210 J/cm® (open

diamonds), and 210 J/cm? (filled diamonds) on rabbit (N = 3) red

blood cells.
Figure 8 is a plot showing the % Response curves (mean %

SEM} for microphotolysis of 3% (circles), 4% (triangles), and 5%

(squares} concentrations of rabbit (N = 4) red blood cells.

This is tha ooscemen) shesd
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3)" The % Response at a specific tinme t (% Response (t)) is defined as 100

tinmes the quantity,

zero-time Response- Area OD (ZROD) m nus the

Response-Area OD at tine t (ROD(t)), that resultant quantity divided by the

Maxi mal

ROD(t))/ MR he Percent Maximal Response (MR is a neasure of the
percent age unber of cells which are eventually disrupted in the rectangul ar

rea that was exposed to the cell-attack stinul us.
measure of the nunber of cells which have

[Jo]

Figure 9 is a plot shcwing the % Response curves (ﬁean x
sgM) for microphotolysis cf rabbit {N = 3) red blood cells that

lhad been separated from whole blood (circles) and for red blood

“cells in whole blood that contained plasma and other cells such

a»s platelets or white blood cells (triangles).

Figure 10 is a plot showing the % Response curves (mean #
EEM) for microphotolysis of rabbit (N = 4) red blood cells on day
5 (circles), on day 5 after the red blood cells had been washed
End reconstituted with buffer and FITC-dextran (diamon&é);mand on
day 5 after the red blood cells had been washed and reconstituted

Pith buffer but not FITC-dextran (squares}.
i

Figure 11 is a plot showing the % Response curves (mean #
SEM) for microphotolysis of rabbit (N = 4) red blood cells that
had beenzﬁrepargd in standard buffer with glucose and albumin
(squares), buffer with glucose but not albumin (fille? diamonds),
buffer with albumin but not glucose (ériangles), and buffer
without albumin and glucose (circles}).

Figure 12 is a plot showing the % Response curves (mean #*
SEM) for microphotolysis of rabbit (N = 6) red blood cells which
had been previously incubated for one hour with diamide at a
Concentration of 5.0 milliMolar (diamonds), 0.5 mM (squares),

0.05 mM -(circles), or 0.00 =M (filled triangles), with cell-

The Response (t)

M crophot ol ysis Response (MR); i.e. % Response (t) = (100)(ZROD -

is a



been disrupted "as of time t in the rectangular area that was exposed to
the cell-attack stinmulus, and is expressed as a percentage of the
eventual |y di srupted nunber of cells. As shown in Figure 4, the three [err]
Response curves are generated by application of the above fornulas to the

t hree Response-Area Optical Density curves in Figures 1 and 2. The
above-descri bed nornalization procedure produces tinme- dependent % Response

curves which change from0%to 100% after the begi nning of the cell-attack
stimulus, irrespective of the variation in the zero-time Response-Area OD

(ZROD in Figure 3). 16

Jttack stimuli of 180 J/cx? (right panel) and 90 J/em? (left

anel)}.

XSS Y

; Figure 13 is a plot showing the % Response curves ({mean #
;EM) for microphotolysis of rabbit (N = 5) xed blood cells which
iad been previously incubated for 20 minutes with Chlorpromazine
t # concentration of 100 microMolar (circles}), 30 uM (diamonds),
go uM (squares), and 0 pM {(filled triangles), with cell-attack
Etimuli of 180 J/cm® (right panel) and 90 J/cm?® (left panel).
Figure 14 is a plot showing the % Response curves (mgan *
EM} for microphotolysis of rabbit (N = 6) red blood cells which
th been previously incubated.for one hour with gluteraldehyde‘at
é concentration of 0.02% (cirFles with dashed line), 0.01%
%diamond;), 0.005% (triangles), 0.0025% (squares with dashed
;line), 0.00125% J{circies), and 0.000% (filled triangles}.
i
i Figure 15 is a bar graph showing the Percent Maxigal
?esponse {MR%) and the Ty and Slope values of the % Response
urves for microphotolysis of red blood cells from 5 normal
control Sprague-Dawley laboratory rats (C) at 248 + 3.6 J/cm?, 3
streptozoticin~induced insulin-dependent diabetic Sprague-Dawley
rats (D) at 245 # 4.1 J/cm®, and 6 diet-induced

hypercholesterolemic Sprague-Dawley rats (H) at 249 % 2.7 J/cm?.
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These nornalized data show that changes in cell-attack Stinmulus alterr the
ti me- dependent % Response curves by changi ng the maxi nrum sl ope and the tine
to-the hal f-maxi mal (50% value of the Mreover, Figure 5 repeats the %
Response curve (open circles) of Figure 4 for the 245 Joul es/cn®
cell-attack stinmulus to quantitate precise changes in cell response to
specific levels of cell-attack stimuli by defining:

- i7

Figure 16 1s x dar graph showing the Percent Munximal

pesponse (MR%) and ehe Ty, and Slope values of the % Response

furves for MICTOPRotalvsis of 0.5% to 3.0% concentrations of

E
human (8 = 3) red dIasgy cells. One subject received a cell-
EttaCk stimulus of sS4 & 0.3 J/cm?, the second subject received

- 2 .
40 * 1.1 J/em®, and the third subject received 198 * 1.3 J/cm?

for all five cell concentrations.

Figure 17 18 a bar graph showing the Percent Maximal
Response (MR%) and the 7

i and Slope values of the % ReSponse
curves for microphotolysis of human (N = 5] red blood cells which
ad been previously incubated at 4° C FOR ONE HOUR with
Fentoxifylline (PTFX) concentrations of 10 milliMolar (filled
j_hars), 1 mM (stripegq bars), and 0 mM (clear bars). One subject

received a cell-attack stimulus of 658 * 6.6 J/cm?, three

subjects ngceiv.e? 329 t 1.9 J/cm?, and one subject received 196 *

2
0.7 J/em® for all three pentoxifylline concentrations.

Figure 18 is a bar graph showing the Percent Maximal

Response (MR%) and the T,, and Slope values of the % Response

curves for microphotolysis of human (N = 5) red blood cells which

had been previously jincpybated at 4° C FOR TWENTY-FOUR EOURS with

pentoxifylline (PIV¥X) concentrations of 10 milliMolar (filled
bars), 1 mM (stripud bars), and 0 mM (clear bars). One subject

Iece_“iyed_ a cell-attack stimulus of 641 * 3.3 J/cm?, three

Fhis is e rontanement sheet
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1) the response half-tinme (T[err]) as the period fromthe begi nning of
cell-attack to the tinme of the 50-percent response val ue, and 2) t he

| ar gest sl ope of the % Response curve as the Slope at timet = T[err] T /2
is a neasure of average cell resistance to disruption by the cell-attack
stimulus. The largest slope is a neasure of the fastest rate of cell
disruption at any tine after the beginning of the cell-attack stinulus.
Thi s sl ope provides an index of the "population variation" in individual
cell resistance to

18

ubjects received 330 £ 1.7 J/cm?, and one subject received 205 =

.7 J/cm? for all three pentoxifylline concentrations.

Figure 19 is a bar graph showing the Percent Maximal
iesponse (MR%) and the Ty and Slope values of the % Response
urves at cell-attack stimuli of A = 243 * 2.9 J/cm? (clear
;ars), B = 400 % 3.6 J/cm® (striped bars), and C = 642 # 4.0
f/cnﬁ (filled bars) for microphotolysis of red blood cells from

Eour female and three male African~Americans who had no clinical

indicators of sickle-cell disease.

Figure 20 is a bar graph showing the Percent Maximal
Response (MR%) and the Ty and Slope values of the % Response
curves at cell-attack stimuli of A = 247 % 1.1 J/ep® (clear
bars), B.= 395 % 5.5 J/cm® (striped bars), and C = 643 % 4.0
;/cnﬁ (fil%ed bérs) for microphotolysis of red blood cells from 2
gemale and 3 male African-Americans with clinical diagnosis of

Eickle-cell disease but not hemoglobin-F abnormality.

Fiqure 21 is a bar graph showing the Percent Maximal
Response (MR%) and the Ty and Slope values of the % Response
curves at cell-attack stimuli of A = 253 % 2.8 J/cm? (clear
5ars), B = 399 % 4.6 J/cm? (striped bars), and C = 661 * 2.1
;J/CEF {filled bars) for microphotolysis of red blood cells from 1

.female and 1 male African-American with clinical diagnosis of

ésickle-cell disease and hemoglobin-F aknormality.



di sruption by the cell-attack stinulus. For exanple, a popul ation of

honogeneous cells, each with exactly the sanme cell- resistance to
di sruption, would give a "step" % Response curve with a zero-val ue until
time equal to T[err] and a 100% value after tinme equal to T[err]. 1In

contrast, a very heterogeneous popul ation of cells, sonme with very | ow
resi stance and sone with very high resistance and sone throughout the range

fromvery lowto very This is the replacenent sheet Date:

19

_ , - seld
Figure 22 is a photomicrograph showing the rectanzular area_\iﬁlﬁ[
T

attack for a cell micro-sample before activation as seen

f:‘-_cell'
in the top left panel, 20 mirutes after the start of activation

L . seen in the top right panel, 40 minutes after the start of
5ctivation as seen in the bottom left panel, and 60 minutes after

:he start of activation as seen in the bottom right panel.

DESCRIPTION OF TEE PREFERRED EMBODIMENTS

Equipment Confiquration

The present invention can use any light microscope (Zeiss
model 20-T preferred) with a 75-300 W arc lamp (100 W mercury
preferred) for epi-illumination of the cell micro-sample through
the micrqscope objective lens and a 50-300 W arc or halogen lamp
2(100 W haibgen preferred) for:transillumination of the cell
micro-sample through the microscope condenser. 2 television
camera with external control of target voltage (a char;ed—
coupled-device (CCD) camera preferred) is required with a
microscope eye-piece attachment for adequate microscope-image
capture, videorecording, video monitor display, and analysis of
microphotolysis. Any standard videocasseite recorder (Panasonic
model 6200 preferred), time-date video-insertion generator
{Panasonic model 810 preferred), and moderate resolution
television monitor (at least 600 horizontal lines preferred) can

be used.

This is the replacement sheet
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ligh resistance to [errr] would give a [err]. Response [errr] with
shal | ow sl ope beginnis [err] after the beginning of the cell-attack
stinmulus and [err] a 100% value at a tinme nuch fter the T[err] value. The
Slope of the [err] curve at tinme equal to T[err] can e obtained in several
[err]. For exanple, the value of the first erivative of a polynom st
curve-fit to the % Response curve at tinme equal T[err] would give the slope

val ue of the % Response curve "

The present invention can use any light-miciroscopy objective
ijs (UMK 50X Q;iss with 0.60 numerical aperture preferred) that
: a variable built-in lens diaphragm, any microscope tube
;tor (1.25X preferred), any X-Y coordinate movable microscope
ge (Zeiss 20-T standard preferred}, and any brightfield
pstage condenser (Zeiss 20-T standard preferred). The present

Eention requires a microscope filter cube (Zeiss model I-2

ferred) with a band-pass filter (450-490 nm preferred}, a
hroic mirror (510 nm preferred), and a long-pass barrier
ter (515 nm preferred) to match the gxcitation and emission
quencies of the chosen light-activated cell-attack

orochrome (FITC preferred for external cell-attack as

Lcribed below).

The epi-illumination light pathway through the microscope

st haVéqprovigions for a variable circular diaphragm, a fixed
Y

O v

lctangular diaphragm (4.0 x 3.5 millimeter aperture preferred),

£ . s 1] .
;d a neutral density filter carrier between the epi-illumination
3

gght source and the microscope filter cube to permit graded and
iown decreases-in the amount of fluorochrome excitation light

;ergy at the cell micro-sample on the microscope stage.

i The transillumination light pathway through the cell micro-

éﬁple must have provisions for a circular field diaphragm (22 mm

i
H

iamefer"aperture preferred), a circular field light-limiter (7.5

f

h diameter aperture preferred), and a color filter (green



time equal to T[err]. The follow ng gives a sinple nethod-for alculation of
the Sl ope of the % Response curve at tinme equal to [[err] 1) T70 is
defined the period (in mnutes) fromthe beginning of [err] attack to the
time when the % Response equal 70[err] 2) T30 is defined of the period
(in mnutes) fromthe [err]beginning of [err]-attack to the tine when the
[err] Response equal 302. slope at T[err] [err] as 70% m nus 30% that

gquantity 2

rferred for red blood cells) between the trancillumiraticn
th socurce and the substage microscope condenser to permit
Ptrol of background light energy at the cell micro-sample on

¥
- ie microscope stage.
L3

Microscope Calibration Procedure

The present invention includes a new microscope light-
libration procedure to provide cell exposures to specific
ounts of frequency-specific light energies which are -
antitated as "light power density" multiplied by the "“time of
ight exposure." In the following procedure, the critical steps
e the independent adjustments of the eéi—illumination and
ransillumination light pathways to give a specific light power
xom each pathway to a specific area at the cell micro-sample
hen the cell m%cro-sample is "in focus" on the microscope stage.
fight po&%r at any specific'point in a light path can be measured
Yy any of several instruments (such as an EGG model 550
fadiometer). The preferred instrument is a model 61 United

Fechnology (UT) Optometer which measures light power in the

lectrical power eguivalents of milliwatts.

, To begin calibration of the transillumination pathway, a
élass microscope slide is covered with a glass coverslip and is
?Qsitioned on the stage of the microscope. The epi~illumination

k
gpathway is blocked by closure of the variable circular diaphragm.



di vi ded by the quantity T70 mnus T30, with units of [err] change in

[err] perr

M nute (abbreviated as %¥MN); T[err]([err] MN = 1i.e. Slope

[err] ([err]/MN = (70 - 30)/(T70 - T30). This sinple nmethod is probably
accurate because all % Response curves range fromO[err] to 100m in
ordinate value, and all approximately linear in the 30%to 70% response

range such as one in Figure 5 for exanple.

22
[fter adjustment of the objective lens to briug the glass- slide
hto focus on the microscope-attached television camera tube, the
ﬁeld diaphragm of the transillumination pathway is adjusted to a
jearly closed position (a pin-hole opening) and the substage
ondenser is raised to bring the pin-hole opening of this field
Eaphragm into focus. The x-y adjustments of the substage
ondenser are then used to center the pin-hole opening of this

Eield diaphragm in the microscope field-of-view.

The lamp power supply for the transillumination paéﬁwﬁ; is
§djusted to approximately 9.2 volts. The light power is measured
gt the exit of the field diaphragm light-limiter, and the field
aiaphragm is opened until the light power at the exit of the
light~limiter plateaus to give a value of 1.08 to 1.88 (1.48
preferred) milliwatts. If the plateau light power is toc high or

iow at tﬁ%‘lightrlimiter, the voltage of the lamp power supply

<~ .
should be adjusted. The light power is then measured at the

-

;1ass slide on the microscope stage, and the built-in diaphragm

?f the substage condenser is partially closed to give 0.044 to

0-.052 (0.048 preferred) milliwatts of transilluminated light

Power at the glass slide.

To begin calibration of the epi-illumination pathway, a drop
‘0f fluorescein diacetate (1.0 mg/ml concentration) is placed on a
.9lass microscope slide and is covered with a glass coverslip.

The glide is placed in a sample carrier which is positioned on

This is the replacement sheet
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M crophotol ysis of Animal Cells Figure 6 shows the % Response curves (nean
[err] SEM on day 1 at 7 hours (circles), day 2 (squares), day 3
(triangles), day 4 (dianonds), and day 5 (inverted triangles) after blood
collection for red blood cells fromfour rabbits with m cro-sanple
conposition of 4% red blood cell concentration and 2 ng/m FITC dextran
(150,000 daltons). The cell-attack stimulus was 210 J/cnferr] for all
curves. The [err] Response curves are identical to each other when

m crophotol ysis is conducted on cell mcro- sanples from7 hours to 5 days
after bl ood collection _from -

23

the stage of the microscope. The transillumination pathway is
blocked by placement of an opague filter on the field limiter.
The variable circular diaphragm of the epi-illumination pathway
is slightly opened to focus a fluorescent image of a pin-hole in
this diaphragm on the microscope-attached television camera tube.
The diaphragm-holder adjustmente are used to center the )
fluorescent image of this circular diaphragm in the television

field-of-view.

The circular diaphragm is then opened fully and the fixed
‘rectangular diaphragm is inserted into its carrier,in the epi~-
illumination pathway. The holder adjustments for the rectangular
5diaphragm are adjusted to center the fluorescent image of this
rectangular diaphragm in the television field-of-view. The bulb
adjus:hents in the lamp ﬁousing for the epi-illumiqgtion pathway
are then used to produce an even fluorescence across the
television image of the rectangular diaphragm. The circular
diaphragm of the epi-illumination pathway is closed completely
and then opened to the point where the rectangular diaphragm is
imaged as a uniform fluorescent rectangular area without any

reflections of stray light rays in the television field~of-view.

_The light power of the epi~illumination pathway is measured
at the focal plane of the objective lens (which corresponds to
the position of the coverslip in the sample carrier on the

microscope stage when that coverslip is in focus in the



rabbits. The % Response curve changes by a progressive shift to the left
when m crophotolysis is conducted on cell mcro-sanples during the first 6
hours after blood collection fromrabbits. Figure 7 shows % Response curves
(mean SEM for the effect of cell-attack stimuli of 105 Joul es/cnferr]
(open squares), 126 Joules/cnR2 (filled squares), 159 Joul es/cnR2 (open
triangles), 168 J/cnferr] (filled triangles), 210 J/cnferr] (open

di anonds), and 210 J/cnjerr] (filled dianmopds) on rabbit (N = 3) red bl ood
cells with mcro- Sanple conposition of 4% hematocrit and 2 ng/ m

FI TC-dextran (150,000 daltons). The cell-attack stinuli for the open
synbol s

Llevision field-of-view), and is adjusted to a value of 0.39 to

ey

41 (0.40 preferred) milliwatts by partial closure of the

4 ot

}aphragm in the objective lens. (If the light power is too low

5

F this point, the epi-illumination light bulb has aged and

:

,hould be replaced.}

Neutral Density (ND) filters are then placed one at a time
m the epi-illumination pathway to provide calibration of
Faduated decreases in epi-light power at the focal plane of the
bjective lens. Nominal epi-light power values are 0.30 - 0.32
;lliwatts for an ND of 0.1, 0.18 ~ 0.20 milliwatts for an ND of

.3, and 0,10 - 0.12 milliwatts for an ND of 0.6.

The amount of epi-illumination, which is used to provide a

tight-stimulated attack to disrupt cellé in a micro-sample
' ;descriﬁeg belo@ﬂ on the microscope stage, is guantitated as a

éight energy density (ED) which equals epi-light power, at the
éicro—sample, multiplied by time of epi-light exposure,‘divided
Ey the micro-sample area of epi-light exposure. For the above-
escribed equipment configuration and calibration proceduré, the
§rea of epi~light exposure is determined by the fixed rectangular
diaphragm which has a projected image area of 0.000175 cm?
3140.91 pm x 124.24 pm) at the focal point of the microscope

3
Sbjective lens.



were achieved by lower epi-illum nation |ight power densities for 10

m nutes of epi-light exposure, while the cell-attack stimuli for the filled
synbol s were achi eved by higher epi-illumnation |ight power densities for
8 m nutes of epi-light exposure. The % Response curve for a | ower
epi-illumnnation light power at a |longer epi-illumnation exposure tine
(open synbols) is the sane as that for a higher |ight power at a shorter
exposure time n&

A common unit for light energy density is Ccules/zx? wvhere
he Joule equals the total energy that is released in one second
? a one—ampere current flowing through a2 one-ohm resistor (which
’; electrically equivalent to one watt or 1000 milliwatts of
pwer for one second). For the above-described calibration
rocedure, the epi-light power is measured as milliwatts (mw)} by
e UT Optometer, and epi-exposure time is measured in 0.01
inute increments by the time-~date video-insertion generator. . .
e following formula is used to convert these measured units
1to epi-light energy density (ED) with’ units of J/cm? _(i.'é'-'.

{
bules + cm?):

L.ght Energy Density = Light Power x time + area; or
;ules/an = Watts x Seconds + cm?; or

(mw + 1000} x (minutes x 60) + ({0.000175 cnf); or

D, (3/cn?)

(342.86) x (mw) x (minutes) + 1 cm?.

D (J/cmé)

L5

[ L]

? The above-described calibration procedure gives the

bllowing epi-light energy densities (ED at the focal point of

?e microscope objective lens) which result from use of the

%eferred epi-illumination neutral density (ND) filters:

*
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(filled synbols) when these give the sane energy densities as equi val ent

cell-attack stinuli. This observation remains true for any energy density,

provi ded t hat

are different

the exposure tine is at least 4 mnutes in duration.
al so denonstrates that the Slope and T[err] values of the % Response curves

for different levels of cell-attack stinuli. The % Response

curves for rabbit red blood cells are also different for different

m cro-sanpl e concentrations of FITC dextrmn when the FI TC dextran

concentration

Figure 7

is below a critical value of 2.0 ng/m . Figure 8 shows the
[err] Response curves (nean [err] SEM for 3% .

_ND_ _POWER (mw) ED (Joules/cn?)

0.0 0.40 137.14 x exposure mins
0.1 0.32 109.71 x exposure mins
0.3 0.20 68.57 x exposure mins

0.6 0.10 34.29 x exposure mins

ical exposure times are 2 to 10 minutes to give final
adations in the epi-light energy density over a range of 68.58-

o 1,371.40 J/cm® for light-stimulated attack to disrupt cells in

f micro-sample on the microscope stage..

The last step in microscope calibration is adjustment of the
famera target-voltage when the cell micro-sample is first placed
n the microscope stage. This adjustment qualitatively positions

i

the camera target-voltage (baseline target current) at

i ‘ :
approximgtely the midpoint of the linear voltage range to give a
% " ;

)
?easonable television pictuée for the transilluminatg?-light
?mage of the cell micro-sample. Quantitative measurement of this
?tarting camera voltage is not required because subsequent
Changes in light-intensity at the camera target are measured as a

percentage change in camera target current, which is independent

of the starting target voltage when that target voltage is in the

linear voltage range of the camera.



(circles), 4% (triangles), and 5[err] (squares) concentrations of rabbit (N
= 4) red blood cells in mcro-sanples that contained 2 ng/m FI TC dextran
(150, 000 daltons) and received a cell-attack stinmulus of 210 J/cnR2. These %
Response curves for rabbit red blood cells are statistically the sane for
the different mcro- sanple cell concentrations in the 3 to 5%range, to
show that noderate variation in cell concentrations wll not change the

m crophot ol ysi s measurenent of cell resistance to disruption by
light-stinulated cell attack. Figure 9 $hows the % Response curves (nean
SEM for rabbit

Cell Ccllection Erccecure

Arterial, venous, or nixed capillary (finger stick} blood
%an be used for micr?phctolysis of red blood cells. The data in
ihis patent report were obtained from standard venipuncture of
the antecubital vein in awake humans and the ear vein of awake

New Zealand white rabbits (2.5-4 kg) to collect blood (typically

1-2 ml) into sterile tubes which contained citrate to prevent

Flotting.
Blood is stored in a 0-4° C refrigerator before preparation

%f blood specimens and cell micro-samples. All cell and solution
brocedures use only sterile disposable pipette tips,

!
microcentrifuge tubes, bottles, stoppers, and labware to prevent

cell contamination and infection.

.

e

Buffer Solution Preparation

Subsequent blood dilutions (described below) are done with a
typical buffer solution consisting of 7.6 g/l NaCl, 0.26 g/l

NaBPO, - B,0, 1.28 g/l Na,EFO,, 4 g/l glucose, and 5 g/l bovine

4’
Sserum albumin. Buffer solution pE is adjusted to 7.4 (normal

blood pH} by addition of 1N NaOB. The final osmolality of this

buffer solution is 311 mOsz (near normal blood pB). Other buffer

-

LSOIutioﬁs can be used; however, glucose and albumin are necessary

{ ingredients to stabilize the cell preparation and to provide

BRI

- 28001 8%
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(N = 3)

t he repl acenent sheet Date: (circles) and for red blood cells
bl ood that Contained plasm and other cells such as platelets or white

bl ood cells (triangles).

concentration and 2 ng/m FITC-dextran (150,000 daltons). These

28

Eestricted—permeability rmolecules for control of transcellular
rater movements which can affect the subsequent microphctolysis
;rocess. Likewise, a final osmolality of 295-315 mOsm is

kritical since overall buffer solution osmolality also affects

the rapid phase of transcellular water movements.

The final step in buffer solution preparation is vacuum
Espiration of the buffer solution through a sterile 0.2 micron
algene filter to remove any bacteria or other particulate.
:ontaminants. The filtered buffer solution is allocated into
:terile glass bottles (20 ml preferred) with rubber stoppers for

ubsequent cell-specimen preparation.

Fluorochrome Solution Preparation

Thégtype 6f light-activated agent that is used for cell
A

%ttack is specific to the type of cell to be analyzed, and there
ﬁs more than one type of cell-attack agent for any onelcell type.
?or example, phloxine B, eosin-iscothiocyanate, pheophorbide, and
%rOtoporphyrin have previously been used for photohemolysis in a
&elatively large-volume cuvette. The preferred cell-attack
fluorochrome for damage of red blood cell membranes by

: . . ]
microphotolysis is fluorescein isothiocyanate (FITC) which is

conjugated to a larger macromolecule (20,000 dalton dextran

breferred). FITC-dextran is preferred because it does not enter

;the cell, and there is little blood absorption of light energy at

red blood cells that had been separated fromwhole blood This is
I n whol e

M cro-sanpl e conposition was a 4% red bl ood cell

?}' .
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data denonstrate that the % Response curves for rabbit red blood cells are
not affected by the presence of bl ood plasna or other blood cells (such as
white blood cells) in the mcro-sanple. Thus, the m crophotol ysis procedure
can be applied to whol e bl ood sanples, w thout the need for careful
separation of red blood cells. Figure 10 shows the % Response curves (mean
SEM for mcrophotolysis of rabbit (N = 4) red blood cells on day 5
(circles), on day 5 after the red blood cgls had been washed and then
reconstituted with buffer and FI TC-dextran (di anonds), and.

he FITC-excitation frequency of 480 nanometers. Thus, "the

easured light energy which is projected onto the micro-sample

iives a precise amount of activated FITC as a cell-attack agent.
-1

The FITC-dextran is mixed with a 0.9% NaCl solution to give

Pn FITC-dextran concentration of 50 mg/ml. 1In the subsequent

ell micro-sample, the final FITC-dextran concentration in the
.'cro—sample should be in the 2-8 mg/ml range to give the best - .
ight-activated cell—~attack stimulus for microphotolysis of red

1lood cells. .

Cell Specimen Preparation

Microphotolysis can be applied to different types of cells,

fand the cell-separation part of the cell preparation procedure

i1l depend on the cell type. The following describes the
&

brocedureofor red blood cells.

The refrigerated blood is inverted gently to mix the blocd,
and is then diluted (1 to 1) with equal parts of the buffer
solution. A small amount (80 to 100 pl) of the diluted blood is
?rawn into a microhematocrit tube which is spun in an IEC MB
ghematocrit centrifuge at the recommended speed to compact the red
éblcod cells toward one end of the microchematocrit tube. The

{length of the compacted red blood cells is then measured to give
1y

‘the hematocrit (% cells) of the diluted blood.



on day 5 after the red blood cells had been washed and then reconstituted
with buffer but not FITC dextran (squares). Mcro- sanple conposition was 2
ng/ M of FITC dextran (150,00,0 daltons), a 4% red bl ood cel

concentration, and buffer with a cell-attack stinulus of 198 Joul es/cn®.
Cells that were washed on day 5 and reconstituted w thout the FI TC dextran
did not henol yze when exposed to photoactivation. Washed cells
reconstituted with the Original FITC dextran buffer solution had the same

i crophot ol ysis response as unwashed cell's Yn day five, thus Show ng that
the washed cells were still responsive but only in.: S

The final cell-specizen is a combination of the dilu%éa
blood, FITC-dextran, a test drug (if any), and the buffer
;olution to give a cell-specimen volume of 1 ml with a

" tomposition of 0.5 to 6.0% red blood cells, 2.0 to 8.0 mg/ml
ixTC—dextran, 0 to 10 mg/ml of test drug, and the remainder as

uffer. As an illustration, a cell specimen with 4 mg/ml of
17C~-dextran (which comes as a 50 mg/ml fluorochrome solution as

ﬁescribed above), 3% red blood cells (which comes from a diluted .

Blood solution with 25% hematocrit), and 3 mg/ml of test drug

(which comes as a 20 mg/ml solution) is obtained by mixing 0.08

iml (calculated as 4/50) of the fluorochrome solution, 0.12 nil

(calculated as 3/25) of the diluted blood, 0.15 ml (calculated as

3/20) of the test drug solution, and 0.65 ml (calculated as 1.0 -

0.08 - 0.12 —0.15)‘of the buffer solution. Based on this

abproach, individual, or combinations 6f, soluble materials or

{

Erugs can be tested for an effect on cell response to

i b N

hicrophof&lysis by standardized light-activated cell~-attack
. ]

stimuli.

Cell Micro-Sample Preparation

Any type of small volume (50 pl or less) chamber of
l:tJ.’ansp.‘e.:’:e.nt water-impervious material, such as plastic or glass,
can be used to give a cell micro-sample on the microscope stage.
;The crucial aspect is a chamber and filling procedure that

Prevents micro-~sample loss of water (which would change the cell

L 2 8 0C1 Wy



the presence of FITC-dextran. Thus, Figure 10 shows that the presence of
FITC is necessary for the m crophotol ysis process and that other factors

| i ke heat fromthe |ight source do not induce henolysis in this nethod.

FI TC-dextran (150,000) is a |large nol ecul ar wei ght neutral dextran that
does not even traverse endothelial gaps under-non-inflamed conditions.

Si nce washed cells were unresponsive, the data in Figure 10 denonstrate

t hat
31

icro-sample constituent concentrations ts -alter -the
jcrophotolysis). The following describes a simple new micro-

ample preparation.
i

A hemacytometer {Neubauer preferred) and cover slip are
terilized in alcchol and air-dried. As a novel approach of the
resent invention, four Kerr absorbent points (dental cotton
ticks for cavity preparations) are placed in a 0.9% NacCl
'olution to saturate them. A fine forceps is then used to place
wo saturated Kerr points in each side-yell of the hematytometer,
fith care to ensure that no Kerr point £ouches the inside edge of
the hemacytometer trough (otherwise, the solution in the Kerr
points would dilute the micro-sample constituent concentrations).
The saturated Xerr points are a novel approach to provide a
{gfturated" water vapor pressure to "replace" any potential loss

of micro-sample water by evaporation through the entrance of the

L
hemacytomé%er chamber to the atmosphere.

A small drop-dispenser is used to pick up a solution of 2.5
'g/l globulin (made in distilled water), and this solution is
fapplied to coat the coverslip rests of the hemacytometer. The
.Coverslip is placed on the hemacytometer rests and is lightly
;tapped to seal the coverslip to the glotulin-coated hemacytometer
Yests, This is a novel approach of the present invention to

Yeduce evaporation of water from the cell micro-sample. In the

;Customary approach, the coverslip just lays on the hemacytometer

This is the replacement sheet
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the m crophotol ysis response is not the result of a non-specific |ight
i nteraction with an intracellular or even intranmenbrane bound drug. The

m-crophot ol ysis process with FITC-dextran as the cell-attack agent mnust
occur by an interaction outside of the cell nmenbrane with subsequent effect
on the cell nenbrane. Figure 11 shows the [err] Response curves (nmean SEM
for m crophotolysis of rabbit (N = 4) red blood cells that had been
prepared in standard buffer with glucose2and al bumin (squares), buffer with
glucose but not albumn (filled dianmonds), buffer with al.bumn but not
gl ucose (t r,’rl ?—er},gé Qﬁlhou@npsebyg faegea\i\nazt.J]OLgmall irregularities in zhe .

nyests"” leave small openings between the coverslip and the

rrests."” The use of a globulin soluticn in the present invention

.o seal these small openings is a novel approach to prevent

evaporative water loss from the cell micro-sample.

The cell micro-sample solution is gently mixed by inversion
of the solution vial. A sterile transfer pipette is used to
aspirate the cell micro-sample solution from the vial and to
apply 22-25 pl of the solution teo the opening of the
hemacytometer/coverslip chamber. Capiiiary action draws the cell
micro-sample solution into the hemacytometer chamber (which has a

preferred depth of 0.1 mm to standardize the number of cell

layers).
"\ i

The hemacytometer is then placed in a sample carrier which

is positiqged on the microscope stage. At this point, the

transillumination light pathway is opened (by removing_the opague
filter from the field limiter) and the cell micro-sample is

brought into focus. The television camera target-voltage is
adjusted to the midrange (described above in the microscope

calibration procedure).

var. 2 8 0CT 1998



al bum n and glucose (circles). Al mcro-sanples contained 2 ng/m of
FI TC-dextran (150,000 daltons) and a 4% concentration of red bl ood cells,
and were exposed to cell-attack stinmuli of 180 J/cnferr] (right panel) and
90 J/cnferr] (left panel). The [err] Response curves for rabbit red bl ood
cells are not altered by renoval of albumn fromthe cell mcro-sanple.
According to scientific literature, renpoval of album n changes the shape of
the red blood Cell. Thus, these data show that the m crophotol ysis process
measures cell characteristics other thas those that depend solely This is

- the repl acenent sheet : ' '

Microphotolvsis Cell-Attack Procedure

i The television-microscope images in the following procedure
iare video recorded for post-procedure analysis. (These images
can alsc be analyzed on-line at the time of the procedure.)
1

A five-minute waiting period is used for cells to settle in
the micro-sample hemacytometer chamber. Room temperature is .
&ecorded.and hemacytometer temperature is kept at 23.5 to 24.5° C
&o minimize Brownian motion of the red blood cells in the cell
;ﬁcro-sample. The célls are brought to focus during
itransillumination to give a control reading of “background
optical density" for the cell micro~sample. Then, the
transillumination pathway is closed by placing the opaque filter
oh, the fieid limiter.

Dot %
&

The time-date :video-insertion generator is resets to 0.00
time (in minutes) and is started at the instant that tﬁe epi-—
illumination light pathway is opened (by removing an opaque
filter from the epi-light pathway). The focus of the fluorescent
image is checked and readjusted if necessary. The epi-
illumination is left on for the necessary time (1 to 6 minutes
Preferred) with a preselected neutral density filter in the epi-
light pathway to give a desired cell-attack stimulus which is

2

.Deasured as an epi-illumination energy density in Joules/cm® (as

described above in the microscope calibration procedure). At the



46 on cell shape. The % Response curves are shifted to the left to ref

| ect greater cell sensitivity to a standardi zed cell -attack stinulus when
glucose is renoved fromthe cell mcro-sanple. Cells are very susceptible
(an i ncreased Slope and decreased T[err]) even to a very low cell-attack
stimulus when glucose is absent as illustrated in the left panel of Figure
10. According to

34

nd of the cell-attack stimulus time, the epiwiiiﬁminatioﬁ
athway is closed (by placing the opaque filter in the epi-light
athway), and the transillumination pathway is opened (by
~£emoving the opaque filter on the field limiter) to give cell
sicro—sample images. These cell images are recorded untiil lysis
disruption of cells) has reached a maximum (less than 5 intact

bells remaining in the rectangular epi-illumination area) or 60

jpinutes has elapsed, whichever occurs first.

At this point, the hemacytometer cell micro-sample.-is -

epositioned manually on the hicroscope stage to give another

cro-sample area for application of a second cell-attack
stimulus. This procedure allows many measurements of

icrophotolysis at different cell-attack levels (epi-illumination

P

anrgy densities) on each cell micro~sample. EHemacytometer grid

?tchings are used to identify the location of each cell-attack
: o .

area which prévents inadvertent overlap of cell~-attack areas in
maltiple microphotolysis procedures on the same cell micro-

sample.

Microphetoanalysis Preocedure

After the cell micro-sample (in the hemacytometer) has been
Placed on the microscope stage, there is a five-minute period for
Cells to settle in the micro-sample chamber. At this point,

transillumination gives a relatively dark speckled-image of the

This is the replacement sheet
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scientific literature, glucose is necessary for cells to maintain their ATP
(adenosi ne tri phosphate) |evels, and ATP is required for cell nmetabolismto
maintain the integrity of the cell nenbrane. Thus, these data show that the
m crophot ol ysis process can detect a reduction in cell nenbrane integrity.

Figure 12 shows the [err] Response curves (nean [err] SEM for

m crophotol ysis of rabbit (N = 6) cell mcro-sanples that contained 2 ng/m
of FITC dextran (150,000 daltons), standard buffer, and a 4% concentrati on

of red blood cells which had been previousl3s i ncubat ed for -one hour with

di am de at a concentration :

jcro-sample in the television field of view. The speckléd
Eature of this image is caused by the presence of red blood celis
with a biconcave shape, as shown in Figure 22.
This transillumination speckled-image area (which is 6 to 10

times larger than the epi~illumination rectangular diaphragm

'area) is digitized (Image Technology digitizing board preferred)
ito give a digital image with 512 x 512 pixels (1024 x 1024 would
.1ncrease analysis precision) with a digital value between 0 and
_255 to represent the light intensity of each image p1xe1 The
‘mean of ALL pixel values in this speckled image is calculated as
a micro-sample "background light intensity (BLI)" with a value

between 0 and 255 (a typical value is 100 to 150).

N As described above (sbction on Microphotolysis Cell-Attack
Procedﬁgf), tﬁe epi-illuminatioq light pathway is opened (by
removal of the opaque filter) for a pre-selected time to activate
a cell-attack stimulus within the epi-illumination rectangular
area on the cell micro-sanple image. Then, the epi-illumination
light pathway is closed., Transilluminated micro-sanmple images
are then digitized at 30-second intervals over the next &0
ninutes (or until there are 5 or fewer intact cells within the

rectangular cell-attack area in the image}.

" After exposure to the epi-illumination rectangular area of

Cell~attack stimulus, the part of the cell micro-sample that was

.....



of 5.0 mlliMlar (dianmonds), 0.5 nM (squares), 0.05 mM (circles), or 0.00
mM (filled triangles), with cell-attack stimuli of 180 J/cnferr] (right
panel) and 90 J/cmerr] (left panel). The [err] Response curves for rabbit
red blood cells are shifted to the left to reflect greater cell sensitivity
to a cell-attack Stinmulus when the mcro-sanple contains cells that have
been Previously incubated for one hour with diam de. These di am de-

i ncubated cells have enhanced susceptibikity (increased Sl ope and decreased
T[err]) to a very low cell-attack stinulus as illustrated

Exposed becomes brighter and loses its speckled appearance as a
tunction of time in the transilluminated image. This occurs
Fecause cells in the cell-attack area lose part or all of their

;ontents and their membranes lose functional integrity as a

hicrophotolysis response to the cell-attack stimulus.

The values of the image pixels in the rectangular
[approximately 60 x 50 pixels) cell-attack area are averaged, and"
his pixel average is compared in successive digitized images for
0 minutes or until this pixel average Tises to a plate;u Qélue
/hich does not change by more than * 1% for 3 minutes (6 images).
The transillumination image at 60 minutes or the first
transillumination micro-sample image with a plateau for the
average value of the image pixels in the rectangular cell-attaek
area is defined as the maximal cell-response image. The 30
highest pixel values (10% of total pixels} in the rectangular
cell—atta;; area of the maximal cell-response image aés averaged

to define a digital value which represents an image area with no

iintact cells (called the "total-lysis" light intensity or TLI).

The average value for all pixels in the rectangular cell-
‘attack area is defined as a "Response-Area Light Intensity (t)"
for each digitized transilluminated micro-sample image. These
Response-Area Light Intensities (RLI(t}) are converted to
relative -Response-Area Optical Densities (Response OD(t))} by the

following formula:



in the |left panel of Figure 11. According to scientific literature,
diamde is a drug which oxidizes the sul fhydryl groups of proteins in the
cell menbrane to increase the cross- linking of spectrin which disturbs the
protein layers of the cell nenbrane to disrupt cell nenbrane integrity.
Thus, these data show that the m crophotol ysis process can detect an

increase in cell fragility which results froma disturbance to the protein
| ayers of the cell nmenbrane. 37

Response OD(t) = 100(TLI -~ RLI(t}; (TLI ~ ELI), where

FLI is the total-lysis 1ight'intensity in the cell-attack area of

;he transilluminated micro-sample image, BLI is the background

?ight intensity for the entire transilluminated micro-sample
tmage, and RLI(t) is the response light intensity as a function

£ time in the cell-attack area of the transilluminated micro-

jsample image. -The quantity (TLI - BLI) represents the range of
khe average light intensity for the entire transilluminated
;icro-sample image. The zero-time average light intensity of the
_.rectangular area before cell-attack (RLI(0)) can be larger or
;smaller than the average background light intensity (BLI) for the
entire transilluminated micro-sample area. Thus, the zero-time
Response~Area OD(0) can be larger or smaller fhan 100% of the
optical density range for the entire transilluminated micro-
sa;ple d;ga. TQe average Response-Area Light Intensity in the
maximal cgll—response image (RLI plateau} can be smaller than the
total~-lysis light intensity (TLI) because some intact‘;ells can
remain in the rectangular area of the maximal response image.
Thus, the minimum plateau Response-Arez OD can be larger than

Zero.

Figures 1 and 2 show the Response-irea optical densities as
a function of time from the beginning cf a five-minute exposure
of human.red blocod cells to three levels of cell-attack stimuli

(expressed as Joules per centimeter sguzred). A cell-attack

This is the replacement sheet

iff

Date: -~ - LB



Figure 13 shows the % Response curves (nmean SEM for icrophotolysis of
rabbit (N =5) cell mcro-sanples that contained 2 ng/m of FITC dextran
(150, 000 daltons), standard buffer, and a 4% concentration of red bl ood
cells which had been previously incubated for 20 minutes with

Chl or promazi ne at a concentration of 100 m croMl ar (circles), 30 [err]M
(di anonds), 10 pM (squares), and O pM (filled triangles), wth cell-attack
stimuli of 180 J/cnmjerr] (right panel) and 90 J/cnferr] (left panel). The
[err] Response curves for rabbit red bledd cells are shifted to the left to

reflect greater cell sensitivity to cell-attack when

rimulus of 245 J/cm’ gives a Response-irea OO which decrezces

rom a zero-time value of 105% to a minimum plateau value of 18%

46 minutes after the beginning of the cell-attack exposure

1

fpigure 1). A larger cell-attack stizulus of 401 J/cm’ gives a
Eesponse—AIea OD which decreases from 102% to 6% at 31 minutes
 fter the beginning of cell-attack (Figure 1), while an even
larger cell-attack stimmlus of 638 J/cm? gives a Response-Area OD
bhich decreases from a zero-time value of 91% to a minimum
blateau value of 3% at 37 minutes after the beginning of cell-

. httack (Figure 2). These data show tha} changes in ceil;ﬁgtack
ttimulus alter the time-dependent Response-Area OD curve by

kffecting the magnitude of the maximal OD change, the slope of

the Response-Area OD curve, and the time to the half-maximal

change in Response-Area OD.

Tﬁq,variétion in zero-time Response-Area 0D occurs before
@pplicaégon of the cell-attack stimulus and adds statistical
%ariation to the time-dependent Response-Area OD cur&e that is
gPIOduced by the cell-attack stimulus. To remove the effect of
?this attack-unrelated variation in zero-time Response-Area OD,
;the following three-step normalization procedure is performed as
Eillustrated in Figure 3, wherein:

1) The Maximal Microphotolysis Response (MR) is calculated

as the zero-time Response-Area OD (ZROD) minus the

Minimum Plateau Response-Area OD (PROD);

i.e. MR = ZROD - PROD.
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the m cro-sanple contains cells that have been previously incubated for 20
m nutes w th chl orpronazi ne. These chl or promazi ne-i ncubated cells are al so
nore susceptible (decreased T[err] but no chance in Slope) to very | ow

| evel s of cell-attack stinmuli as illustrated in the |eft panel of Figure
12. According to scientific literature, chlorpronmazine, in the
concentrations used here, primarily produces stomatocyte

39

2) The Percent Maximal Responss {MR$) is calculated as 100
times the Maximal Microphofclysis Response (MR) divided
by the zero~time Response-irea OD (ZROD);
i.e. MR% = (100)(MR)/(ZROD}.
3) The % Response at a specific time t (% Response (t)) is
defined as 100 times the quantity, zero-time Response-
Area OD (ZROD} minus the Response-Area OD at time t
(ROD(t)), that resultant quantity divided by the : :
Maximal Microphotolysis Response {MR);
i.e. % Response (t) = (100)(ZROD - ROD(t))/MR. ~~
! .
?he Percent Maximal Response (MR%) is a measure of the percentage
Ahmber of cells which are eventually disrupted in the rectangular
rrea that was exposed to the cell-attack stimulus. The |
£3

;“Response (t) is a measure of the nu-ber of cells which havei
ieen disfupted'q; of time t in the rectanqular area that was
éxposed ti the cell~attack stimulus, and is expressed as a
;ercentage of the eventually disrupted number of cell;r

As shown in Figure 4, the three % Response curves are
‘9tnerated by application of the above formulas to the three
Response-Area Optical Density curves in Figures 1 and 2.
The above-described normalization prccedure produces time-

dependent % Response curves which chanze from 0% to 100% after

;the,beginning of the cell-attack stim:lus, irrespective of the

Variatjon in the zero-time Response-Xzsa OD (ZROD in Figure 3).
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formati on through an effect of chlcrpromazine to alter tne arrangenent of
the lipid bilayer in the cell nmenbrane with | ess effect on the protein
l.ayers in the cell nenbrane. Thus, these data show that the m crophotolysis
process can detect an increase in cell nenbrane fragility which results
froma disturbance to the lipid |ayers of the cell nenbrane. Figure 14
shows the % Response curves (nean SEM for mcrophotolysis of rabbit (N =
6) cell mcro-sanples that contained 2 m FI TC-dextran (150, 000,

dal tons), standard buffer, and a 4% concentration of red bl ood cells which

hgd been : -

ghese normalized data show that changes in cell-attack stinclus
slter the time~dependent % Fesponse curves by changing the

maxj_mum slope and the time to the half-maximal (50%) value of the

-Gufve.

Moreover, Figure 5 repeats the % Response curve (open
circles) of Figure 4 for the 245 Joules/cm’ cell-attack stimulus
to quantitate precise changes in cell response to specific
levels of cell-attack stimuli by defining:

| 1} the fesponse half-time (T,,) as the period from the
beginning of cell-attack to the time of the 50-percent
response value, and '

2) the largest slope of the % Response curve as the Slope

at time t = T,.
Ty is a measure of average cell resistance to disruption by the
cell-attgck stimulus. The largest slope is a measure of the
fastest Qa{; of ;ell disruption at any time after the beginning
of the cell-attack stimulus. This slope provides an fndex of the
"population variation® in individual cell resistance to
disruption by the cell-attack stimulus. For example, a
population of homogeneous cells, each with exactly the same cell-
resistance to disruption, would give a “"step" % Response curve
with a zero-value until time equal to TUN and a 100% value after
time equal to Type-  In contrast, a very heterogeneous population

of cells, some with very low resistance and some with wvery high

resistance and some throughout the range from very low to very

This is the replacement sheet
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previously incubated for one hour with gluteral dehyde at a concentration of
0.02% (circles with dashed line), 0.01% (di anonds), 0.005% (triangles),

0. 0025% (squares with dashed Iine), 0.00125% (circles), and 0.000% (filled
triangles), with a cell-attack stinmulus of 180 J/cnierr]. The [err]
Response curves for rabbit red blood cells are shifted to the right with

I ncreased T[err] and decreased Slope to reflect less cell sensitivity to a
cell-attack stimulus when the mcro-sanpgiie contains cells that have been
previ ously incubated for one hour with a 0.01% or great er solution of

gl ut er al dehydpi.qn ACcosidnng ﬂOOdJ&G.lﬁnt | fi ic - -
oulid =

give a i Re:ponse Suryz with

Zzer the beginning of the

i00% value at a time much
Pfter the T,, value.

The Slope of the %
Parpiuse curve at time equal to T,, can

e obtained in several .
75, Por example, the value of the first

erivative of a polyn
potynominay “urve-fit to the % Response curve at

Lime equal T,,, would gj,
172 Qdvn 44, slope value of the % Response curve

t time equal to T,,,.
yer Tha following giyes a simple method-for:

:alculation of the Slg
PY ot the % Response curve at time equal to

ilz/z'

1) T7o‘1s.deflnad M4 the pericd {in minutes) from the
beginning of 94ll-attack to the time when the
N % Response equa |, 70%.
2)‘ T30 1s definaq ,, the period (in minutes) from the
. beglnnlng of Yo} l-attack tc the time when the
% Response 8qlin [ 30%. - ®
3) Slope at T

2 10 iingipeq as 70% minus 30%, that quantity

divided by t
'" Yuantity, T70 minus T30, with units of

% Change in p
Mnga per Minute (abbreviated as %/MIN);

i.e. Slope ay .
Thi at. /e (%/MIN) = (70 - 30)/(T70 - T30).
+1s simple method is

lnnuuujbly accurate because all % Response

Curves ra
nge from 0% ¢, '00% {n ordinzte value, and all

¥ Response curve
P s are WDuximately linear in the 30% to 70%

Tesponse range - such as ol
® ln Figure = for example.
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literature, gluteral dehyde decreases nenbrane fragility (less breakable
cell) and increases nenbrane rigidity (less deformable cell).

Chl or promazi ne i ncreases nenbrane fragility nore breakable) w thout any
reported change in nenbrane rigidity (unchanged deformability). D am de
I ncreases nmenbrane fragility This is the replacenent sheet 49
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Microphotolysis of Animal Cells

Figure 6 shows the % Response curves (mean * SEM) on day 1

at 7 hours (circles), day 2 (squares), day 3 (triangles), day 4
(diamonds), and day 5 (inverted triangles) after blood collection
for red blood cells from four rabbits with micro-sample
composition of 4% red blood cell concentration and 2 mg/ml FITC-
dextran (150,000 daltons). The cell~attack stimulus was 210
J/cm® for all curves. The % Response curves are identical to
each other when microphotolysis is condncted on cell micro-
'samples from 7 hours to 5 days after blood collection from
rabbits. The % Response curve changes by a progressive shift to
the left when microphoteolysis is conducted on cell micro~samples

during the first 6 hours after blood collection from rabbits.

Figure 7 shows % Response curves (mean * SEM) for the effect
of cell—;ttack‘stimuli of 105 Joules/cm? (open squares), 126
Joules/cm? (filled isquares), 159 Joules/cm’® {open tri;ngles), 168
Jfcm? (filled triangles), 210 J/cm® {open diamonds), and 210 J/cm?
(filled diamonds) on rabbit (N = 3} red blood cells with micro-
sample composition of 4% hematocrit and 2 mg/ml FITC-dextran
(150,000 daltons). The cell-attack stimuli for the open symbols
were achieved by lower epi-illumination light power densities for
10 minutes of epi-light exposure, while tﬂe cell-attack stimuli
for the filled symbols were achieved by higher epi-illumination

light power densities for 8 minutes of epi-light exposure. The %



(rmore breakabl e) and increases nenbrane digidity (less deformable). Thus,
conpari son of the effect of these three agents as shown in Figures 12, 13,
and :4 denonstrates that the m crophotol ysis process neasures changes in
cell menbrane fragility rather than sinply cell nenbrane rigidity, and that
the m crophotol ysis process can distingui sh between a change in nenbrane
fragility due to altered lipid |ayers and a change due to altered protein

| ayers. A streptozoticin-injected |laboratory rat is a w dely-used ani mal
nodel of human insulin-dependent diabetqumdth el evat ed

gpesponse curve for a lower epi-illurinatiecn ligﬁf:powet av a
jonger epi-illumination exposure time (open symbols) is the same
as that for a higher light péwer at a shorter exposure time

N (filled symbols} when these give the same energy densities as
equivalent cell-attack stimuli. This observation remains true
for any energy density, provided that the exposure time is at
least 4 minutes in duration. Figure 7 also demonstrates that the
Slope and T,, values of the % Response curves are different for
different levels of cell-attack stimuli. The % Response curves
for rabbit red blood cells are also different for different
‘micro-sample concentrations of FITC-dextran when the FITC-dextran

concentration is below a critical value of 2.0 mg/ml.

Figure 8 shows the % Response curves (mean * SEM) for 3%
(qércles), 4% (triangles), and 5% (squares) ccncentratiéns of
rabbif {N = 4) red blood cells in micro-samples that contained
2 mg/ml FITC-dextran (150,000 daltons) and received a.cell-attack

- stimulus of 210 J/cm?. These % Response curves fo; rabbit red
blood cells are statistically the same for the different micro-
sample cell concentrations in the 3 to 5% range, to show that
moderate variation in cell concentrations will not change the

microphotolysis measurement of cell resistance to disruption by

light-stimulated cell attack.

Figure 9 shows the % Response curves (mean % SEM) for rabbit

(N = 3) red blood cells that had been separated from whole blocd
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bl ood sugar (hyperglycem a) and glucose spill-over into the urine. Diet

mani pul ati on of a |aboratory rat is a known ani mal nodel of human

hyper chol esterol em a. Figure 15 shows the Percent Maxi mal Response

(MR err]) and the T[err] and Sl ope values of the [err] Response curves for

m crophotol ysis of red blood cells from5 normal control Sprague-Daw ey

| aboratory rats (C) at 248 [err] 3.6 J/cnR, 3 streptozoticin-induced

i nsul i n-dependent diabetic Sprague-Dawl ey rats (D) at 245 4.1 J/cn2, and 6
di et -i nduced typerchol esterol em c Spra%- Daw ey rats (H) at 249 [err] 2.7

J/icmjerr]. Al cell mcro-sanples had onposition of 4 ng/m FITC dextran

(circles) and for red blocd cells in whole bivod chat cuitained
plasma and other cells such as platelets or white blood cells
{(triangles). Micro-sample composition was a 4% red blood cell
concentration and 2 mg/ml FITC~dextran (150,000 daltons). These
éata demonstrate that the % Response curves for rabbit red blocod
cells are not affected by the presence of blood plasma or other
blood cells (such as white blood cells) in the micro-sample.
Thus, the microphotolésis procedure can be applied to whole blood
samples, without the need for careful separation of red blood

=ells. .

Figure 10 shows the % Response curves (mean * SEM) for
microphotolysis of rabbit (N = 4} red blood cells on day 5
(circles}, on day S after the red blood cells had been washed and
‘then reconstituted with buifer and FITC~dextran (diamonds), and
on day 5 after the red blcod cells had been washed and then
reconstituted Qith buffer tut not FITC~dextran (squares). Micro-
sample composition was 2 mg/ml of FITC-dextran (150,0Q0 daltons}),
a 4% red blood cell concentration, and buffer with a cell-attack
.stimulus of 198 Joules/cm?. Cells that were washed on day 5 and
Teconstituted without the FITC-dextran did not hemolyze when
exposed to photoactivation. Washed cells reconstituted with the
original FITC-dextran buffer solution had the same
Dicrophotolysis response as unwashed cells on day five, thus
showing that the washed cells were still responsive but only in

the presence of FITC-dextran. Thus, Figure 10 shows that the

. . OV, “{ - -
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(20, 000 dal
cells. The

tons), standard buffer, and a 3% concentration of
% Response curves for red blood cells from nornal

red bl ood

rats,

di abetic

rats, and hyperchol esterol emic rats have simlar Maximal Responses to the
ysis process. Red blood cells fromthe hyperchol esterolemc rats

m cr ophot ol
have nor mal
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presence of FITC is necessary for the miczophotolysis pfocess and
that other factors like heat from the light source do not induce
hemolysis in this method. FITC-dextran (150,000) is a large
molecular weight neutral dextran that dces not even traverse
endothelial gaps under-ncn-inflamed conditions. Since washed
cells were unresponsive, the data in Figure 10 demonstrate that
the microphotolysis response is not the result of a non-specific
1ight interaction with an intracellular or even intramembrane
bound drug. The microphotolysis process with FITC~dextran as the
cell-attack agent must occur by an interaction outside of the

\
sell membrane with subsequent effect on the cell membrane.

Figure 11 shows the $ Response curves (mean % SEM) for
microphotolysis of rabbit (N = 4} red blood cells that had been
prepared in standard buffer with glucose and albumin (sguares),
buffer with glucose but not albumin (filled diamonds), buffer
with albumi; but not glucose ({triangles), and buffer without

albumin and glucose {circles). All micro-samples contained 2

mg/ml of FITC-dextran (150,000 daltons) and a 4% concentration of

‘red blood cells, and were exposed to cell-attack stimuli of 180

J/cm? (right panel) and 90 J/cm? (left panel). The % Response
curves for rabbit red blood cells are not altered by removal of
albumin from the cell micro-sample. Accerding to scientific
literature, removal of albumin changes the shape of the red blood
cell, Thus, these data show that the microphotolysis procéss

Deasures cell characteristics other than those that depend solely
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1. A mrcophoto |ysis-analysis process for neasuring the strength of a
cell menbrane and detecting abnormalities thereof by applying precise
guantities of a first focused |light of selected frequency and energy
density to a precise mcroscopic area of a cell sanple containing test
cells for neasuring as a function of tinme the precise degree of cel
di sruption applying a second focused |ight of second sel ected frequency and
energy density to said cell sanple thereby photo-activating a |ight
activated cell-attack fluorochrone for attacking cell nenbranes in said
m croscopi c area of light-stinulated cell-@ttack providing a quantitative,
time-rel ated, |ight-dose dependent neasure of cell fragility, conprising
the steps of ionStapeddbag Mast Keeldnse Bhase Jrenhiane st pangdd afe to be
neasured in a o )

reflect greater cell sensitivity to a standardized cell-attack

stimulus when glucose is removed from the cell micro-sample.

Cells are very susceptible (an increased Slope and decreased T

1/2)

even to a very low cell-attack stimulus when glucose is absent as
illustrated in the left panel of Figure 10. According to
scientific literature, glucose is necessary for cells to maintain
their ATP (adenosine triphosphate) levels, and ATP is regquired .
for cell metabolism to maintain the integrity of the cell
membrane. Thus, these data show that the microphotolysis process

can detect a reduction in cell membrane integrity.

Figure 12 shows the % Response curves (mean * SEM) for
microphotolysis of rabbit (N = 6) cell micro-samples that
cQPtained 2 mg/mi of FITC-dextran (150,000 daltons), standard
buffer,.agd a’'4% concentration of red blood cells which had been
previously incubated for one hour with diamide at a concentration
of 5.0 milliMolar (diamonds), 0.5 mM (squares), 0.05 mM
(circles), or 0.00 mM (filled triangles), with cell-attack
stimuli of 180 J/cm® (right panel) and 90 J/cm?® {left panel).

The % Response curves for rabbit red blood cells are shifted to
the left to reflect greater cell sensitivity to a cell-attack
8timulus when the micro-sample contains cells that have been
Previously incubated for one hour with diamide. These diamide-
incubated cells have enhanced susceptibility (increased Slope and

decreased T,;;) to a very low cell-attack stimulus as illustrated

T fu the remiacernent sheet
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physi ol ogi cal

cont ai ni ng sol ution;

salt solution of selected osnmolality formng a cel

adding an inactive light activated cell-attack

fluorochrone to said cell containing solution, said inactive cell-attack
fl uorochrone conprising nol ecul es absorbing light energy in a known range

of excitation frequencies producing a photosensitive chem cal
preparing a mcro-sanple of said photosensitive chem cal
identifying a localised mcroscopic area within

containing said test cells;
appl ying a specific

said mcro-sanple of said photosensitive sol ution;

amount of the focused first frequency-specific light energy in

in the left panel of Figure 11. Accoruding tc scientific

jiterature, diamide is a drug which oxidizes the sulfhydryl

groups of proteins in the cell membrane to increase the cross-

tinking of spectrin which disturbs the protein layers of the cell

pembrane to disrupt cell membrane integrity. Thus, these data

ghow that the microphotolysis process can detect an increase in

cell fragility which results from a disturbance to the protein

layers of the cell membrane.

Figure 13 shows the % Response curyes (mean * SEM) for

dcrophotolysis of rabbit (N = 5) cell micro-samples that

contained 2 mg/ml of FITC-dextran (150,000 daltons), standard

buffer, and a 4% concentration of red blood cells which had been

previously incubated for 20 minutes with Chlorpromazine at a

concentration of 100 microMolar (circles), 30 uM (diamonds), 10
N

uM (squafeéj, and 0 pM (filled triangles), with cell-attack

stimuli of 180 J/cm®? (right panel) and 90 J/cm? (left panel).

The % Response curves for rabbit red blood cells are shifted to

the left to reflect greater cell sensitivity to cell-attack when

*he micro-sample contains cells that have been previously

incnbated for 20 minutes with chlorpromazine. These

chlorpromazine-incubated cells are also more susceptible

{decreased Ty but no chance in Slope)} to very low levels of

cell-attack stimuli as illustrated in the left panel of Figure

12,

According to scientific literature, chlorpromazine, in the

Concentrations used here, primarily produces stomatocyte
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the cell absorption range to said mcro-sanple of said photosensitive
chem cal solution, exposing said cell(s) in said photosensitive chem cal
solution to said first frequency- specific light energy for a selected
period of time for determning |ight absorption by intact test cells in
said | ocalised mcroscopic area of said mcro-sanple at any tinme period,
determ ning the |ight absorption and nunber of intact test cells in said
| ocal i sed m croscopi c area by nmeasuring the amount of said first

frequency-specific |ight energy A7

formation through an effect of chlcrpromazire fé:alter the:
arrangement of the lipid bilayer in the cell membrane with less
effect on the protein layers in the cell membrane. Thus, these
“data show that the microphotolysis process can detect an increase

in cell membrane fragility which results from a disturbance to

the lipid layers of the cell membrane.

Figqure 14 shows the % Response curves (mean * SEM) for
microphotolysis of rabbit (N = 6) cell micro-samples that
contained 2 mg/ml FITC-dextran (150,000, daltons), standard
.buffer, and a 4% concentration of red blood cells which had been
previously incubated for one hour with gluteraldehyde at a
concentration of 0.02% (circles with dashed line), 0.01%
(diamonds), 0.005% (triangles), 0.0025% (squares with dashed
line), 0.00125% (circles), and 0.000; (filled triangles), with a
ceil—attﬁqk stipulus of 180 J/cm?’. The % Response curves for
rabbit red blood cells are shifted to the right with increased
T,,, and decreased Slope to reflect less cell sensitivity to a
cell-attack stimulus when the micro~sample contains cells that
have been previously incubated for one hour with a 0.01% or
greater solution of gluteraldehyde. According to scientific
literature, gluteraldehyde decreases membrane fragility (less
breakable cell) and increases membrane rigidity (less deformable
cell). Chlorpromazine increases membrane fragility more
breakable) without any reported change in membrane rigidity

{unchanged deformability). Diamide increases membrane fragility
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51 passing through said cells in said mcro-sanple of said photosensitive

chem cal

solution in said localised mcroscopic area; applying a specific

anount of the focused second frequency-specific |ight energy in the
fl uorochrone-excitation range for a selected tinme in a selected tine

i nt erval

at a selected different wavel ength than said first

frequency-specific light energy, said second frequency-specific |ight
energy photo-activating said photosensitive chenm cal solution formng a
cell-reacting nmedium reacting said cell-reactlng medi um cont ai ni ng said

test cells in said |ocalised mcroscoptt area dlsruptlng t he cel

of said test cells permtting |loss of said

(more breakable} and increases membrans rlgidi*y.(less
‘deformable). Thus, compariscn of the efféct of these three
agents as shown in Figures 123 13, and 14 demonstrates that the
microphotolysis process measures changes in cell membrane
fragility rather than simply cell membrane rigidity, and that the
microphotolysis process can distinguish between a change in
membrane fragility due to altered lipid layers and a change due

to altered protein layers.

A streptozoticin-injected laboratory rat is a widely-used

1imal model of human insulin-dependent diabetes with elevated
blood sugar (hyperglycemia) and glucose spill-over into the
urine. Diet manipulation of a laboratory rat is a known animal
model of human hypercholesterolemia. Figure 15 shows the Percent
Mafimal Response (MR%) and the Ty and Slope values of the %
Response éqrves ?or microphotolysis of red blood cells from 5 )
normal control Sprague-Dawley laboratory rats (C) at 248 % 3.6
J/em?, 3 streptozoticin-induced insulin-dependent diabgﬁic
Sprague-Dawley rats (D) at 245 % 4.1 J/cm?, and 6 diet-induced
“ypercholesterolemic Sprague-Dawley rats (H) at 249 % 2.7 J/cm’®.
All cell micro-samples had a composition of 4 mg/ml FITC-dextran
{20,000 daltons), standard buffer, and a 3% concentration of red
blood cells. The % Response curves for red blood cells from
normal rats, diabetic rats, and hypercholesterolemic rats have
similar Maximal Responses to the microphotolysis process. Red

blood cells from the hypercholesterolemic rats have normal Ty
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cell contents and changi ng the absorption of said first frequency-specific
| i ght energy by said test cells in said |localised mcroscopic area;

anal ysing the strength of said cell nenbrane quantitatively by conparing

t he amount of said first frequency-specific |light energy passing through
said test cells in said mcro-sanple after m cro-sanple exposure to said
second frequency-specific light energy, with the anount of said first
frequency-specific |ight energy passing through said test cell(s) in said
m cro-sanpl e before m cro-sanpl e exposure to said second frequency-
specific light energy for determ ning |#ght absorption by remaining intact

test cells in saiq.localised mcraosco ic.a£ a at S%Iected time intervals;
. . ..ad Slope values.. Col% é:sr e diaketic Tats Fve .

and coordi nati i§® and compari ng theé 4dbove Test reésults to val ues for nornal

cel l (S) to igignificantly longe: Ty arnd lower Slope values tc indicate a

gubstantial reducticn in cell mertrane fragility for the diabetic
.animals. These datz demonstrate that the microphotolysis pracess
- can detect diseases {such as diaktetes) which alter ion pumps

{such as the calciur pumps) in the cell membrane.

Microphotolvsis of Human Cells

Figure 16 shows the Percent Maximal Response (MR%} and the
".[‘1,2 and Slope values cf the $ Response curves for microphotolysis
of 0.5% to 3.0% concentrations of human (N = 3) red blood cells
in micro-samples that contained 4 mg/ml FITC-dextran (20,000
daltons). One subject received a cell-attack stimulus of 549 #
0.3 J/cm?, the second subject received 340 * 1.1 J/¢m?, and the
third subject received 198 # 1.3 J/cm? for all five cell !
concehg;atiqps. Microphotolysis of red blood cells from humans
gives the same Percent Maximal Responses for micro-sample cell
concentrations in the 1.0% to 3.0% range, the same Tuz values for
cell concentrations in the 0.5% to 2.0% range, and the same %
Response curve Slopes for cell concentrations in the 0.5% to 3%
range as shown in Figure 16. Microphotolysis of red blood cells
from rabbits gives the same % Response curves for micro-sample
cell concentrations in the 3% to 5% range as illustrated in
Pigure 8. These data indicate that the microphotolysis process

is relatively insensitive to variaticns in cell concentrations



measure changes in cell fragility. 2. The m crophoto |ysis-analysis
process for nmeasuring the strength of a cell nenbrane as clained in claim
1, wherein said anal ysing step conprises conparing the starting nunber of
cells with the maxi mum nunber of test cells disrupted, the tinme to reach
di sruption of 1/2 of the maxi mum nunber of cells to be disrupted, and the
maxi mumrate of cell disruption during said selected tine intervals. 3.
The m crophoto |ysis-analysis process for nmeasuring the strength of a cel
menbrane as clainmed in claiml, wherein said anal ysing step conprises

conparing the starting nunber of test cblls with the maxi num nunber of
cells disrupted, the tine to

within specific but different concentration ranges for animals
and humans.

- According to scientific literature, pentoxifylline, a
therapeutic agent which increases peripheral blood flow in
several human pathologies, increases the "flexibility" of cell
membranes to permit easier passage of red blood cells through
blood vessels; yet, pentoxifylline does not simply alter cell
membrane rigidity (cell deformability). Figure 17 shows the
Percent Maximal Response (MR%) and the T,, and Slope values of
the % Response curves for microphotolysis of human (N = 5) cell
micro-samples that contained 4 mg/ml FITC-dextran (20,000
daltons) and a 1% concentration of red blood cells which had been

-previously incubated at 4° C FOR ONE BOUR with pentoxifylline
(PTFX) concentrations of 10 milliMolar (filled bars), 1 mM
(striped'Qars);‘and 0-mM {clear bars). One subject received a
cell-attack stimulus of 658 * 6.6 J/cm?, three subjects received
329 * 1.9 J/cm?®, and ;ne subject received 196 % 0.7 JicmZ for all
three pentoxifylline concentrations. Figure 18 shows the Percent
Maximal Response (MR%) and the Tuz and Slope values of the %
Response curves for microphotolysis of human (N = 5) cell micro-
samples that contained 4 mg/ml FITC-dextran (20,000 daltons) and
a 1% concentration of red blood cells which had been previously
incubated at 4° C FOR TWENTY-FOUR HOURS with pentoxifylline
{PTFX) concentrations of 10 milliMclar (filled bars), 1 mM

(striped bars), and 0 mM (clear bars). One of these subjects

? 8 00T 1935



52 reach disruption of 1/2 of the maxi mum nunber of cells to be disrupted,
and the maxinumrate of cell disruption. 4. The m crophoto |ysis-analysis
process for neasuring the strength of a cell nenbrane as clainmed in claim
1, including the step of selecting said test cells fromthe group
consisting of red cells, white cells, platelets, or mxture thereof. 5.

The m crophoto |ysis-analysis process for neasuring the strength of a cel
menbrane as clainmed in claiml1, including the step of suspending test cells

whose LGN

received a cell-attack stimulus of 641 * 3.3 J/cm?, three
subjects received 330 % 1.7 J/cm?, and one subject received 205 #
0.7 J/cm? for all three pentoxifylline concentrations.

Incubation of human red blood cells with pentoxifylline for one
hour alters the microphotolysis response of those cells. As the
pentoxifylline concentration is increased, there is a progressive
(dose-dependent) decrease in the Percent Maximal Response, an
increaseﬂin Tuz' and a decrease in the Slope of the
microphotolysis % Response curves as illustrated in Figure 17.
With 24~hour pentoxifylline incubation of red blood cells as
hown in Figure 18, the decrease in the Percent Maximal Response
is lost, and the decrease in Slope is partially lost, but the
dose-dependent increase in Ty is still present. These data
demoﬁstrate that the microphotolysis process is sensitive to
d;yg-induced alterations in human cell membranes, and that
microphotb%ysis‘san distinguish between drug-treated and non-

treated human cells, as a function of time after drug treatment.

Fiqure 19 shows the Percent Maximal Response (MR$) and the
¥,/ and Slope values of the % Response curves at cell-attack

+

stimuli of A = 243 ¢ 2.9 J/cri’ (clear bars), B = 400 * 3.6 J/cm®
(striped bars), and C = 642 * 4.0 J/cm® (filled bars) for
microphotolysis of red blood cells from four female and three
male African-Americans who had no clinical indicators of sickle-

Cell disease. The cell micro-samples contained 4 mg/ml FITC-

dextran (20,000 daltons), a 3% concentration of red blood cells,
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menbrane strength is to be neasured in a physiologic solution of selected
osnolality ranging fromabout 295 to about 315 mlliosnoles formng a cel
cont ai ni ng sol ution. 6. The m crophoto |ysis-analysis process for
measuring the strength of a cell nenbrane as clainmed in claim1, including
the step of applying said focused first frequency-specific light energy in
time intervals ranging fromabout 2 mnutes to about 60 m nutes. 7. The

m crophoto | ysis-anal ysis process for nmeasuring the strength of a cel
nmenbrane as claimed in claim1, including the step of applying said focused
second frequency-specific light energy if°time intervals ranging from about

2 mnutes to about 10 m nutes.
and buffer. Figure 20 shows the Perceat Kirimel'Respdnse.{MR%)

and the T,, and Slope values of the % Response curves at cell-
attack stimuli of A = 247 # 1.1 J/cm® (clear bars), B = 395 % 5.5
g/cm? (striped bars), and C = 643 t 4.0 J/c? (filled bars) for
microphotolysis of red blood cells from 2 female and 3 male
African-Americans with clinical diagnosis of sickle-cell disease
but not hemoglobin-F abnormality. The cell micro-~samples
contained 4 mg/ml FITC~dextran (20,000 daltons), a 3%
concentration of red blood cells, and buffer. Normal red blood
cells from humans without sickle~-cell disease as illustrated in
:he left panel of Figure 19 show an eventual 88 to 95% disruption
(Percent Maximal Response, MR%) after exposure to cell~attack
stimuli across a broad range from 240 J/cm? to 660 J/cm?. These
normal human cells have microphotolysis % Response curves with a
prsgressively decreasing T,, and a progressively increasing Slope
as the cél}-attack stimulus is increased as shown in Figure 19.
In contrast, reé blood cells from humans with sickle-cell disease
have a substantially reduced Percent Maximal Response“{with a
peak at an intermediate cell-attack stimulus level), a
significantly elevated T2 which is not a function of cell-attack
stimulus level, and a substantially reduced Slope as is evident
in a comparison of Figure 20 to Figure 19. These data
demonstrate that the microphotolysis process is sensitive to
pathologic alterationé in human cell membranes, and that
microphotolysis provides multiple parameters for detection of

human diseases that alter cells.
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8. The m crophoto |ysis-analysis process for neasuring the strength of a
cell menbrane as clained in claiml1, including the step of applying and
measuring the anount of said focused first frequency-specific light energy
passi ng through said mcro- sanple at 30-second tine intervals over a

60-m nutes period or until there are 5 or fewer intact test cells within
said localised mcroscopic area. 9. The m crophoto |ysis-anal ysis process
for neasuring the strength of a cell nenbrane as clainmed in claim1,
including the step of preparing a n1crg_sanple of about 25 microliters (pl)
of said photosen5|t|ve chemi cal sol uti'on. 10. The nicrophoto lysi s-anal ysi s
process for ' neaguring the streng th of a cgh# nenbmﬁgg as, ¢lainmed in claim

1, including thgl%“tr% Fh°éf5p*1h§7| §FeRt d8E6H e

quency-
and Slope values of the % Response curves at cell-attack

T2
stimuli of A = 253 % 2.8 J/cm® (clear barsf, B = 399 ¢

4.6 J/cm? (striped bars), and C = 661 * 2.1 J/cm® (filled bars)
}or microphotolysis of red blcod cells from 1 female and 1 male
African-American with clinical diagnosis of sickle-cell disease
and hemoglobin~F abnormality. The cell micro-samples contained 4
mg/ml FITC-dextran (20,000 daltons), a 3% concentration of red
blood cells, and buffer. Red blood cells from humans with a
combination of sickle~cell disease and a hemoglobin-F abnormality
Vhave a normal Percent Maximal Response,.an abnormally high Ty/2r
and a normal Slope at lower cell-attack stimuli but a reduced
Slope at the higher cell-attack stimulus as is evident in a
comparison of Figure 21 to Figure 19. These data show that the
microphotolysis process is sensitive to combinations of
p;;hologic alterations in human cell membranes. Also these data
demonstratg'th;t-multiple parameters of the microphotolysis
process can differentiate between normal human cells as shown in
Figure 19 and single-disease altered cells as shown in figure 20,

- and can distinguish both of those situations from multiple

abnormalities such as those shown in Figure 21.

The foregoing detailed description is given primarily for
clearness of understanding and no unnecessary limitations are to
be understood therefrom, for modifications will become obvious to

those skilled in the art based upon more recent disclosures and
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specific light energy at a selected different wavel ength to photo-activate
said inactive 53 cell-attack fluorochronme fromabout 2 m nutes to about
10 m nutes depending on the particular inactive cell-attack fluorochrone
selected. 11. The mcrophoto |ysis-analysis process for neasuring the
strength of a cell nenbrane as clainmed in claim11, further including the
step of selecting said light activated cell-attack fluorochrone specific to
the type of cell to by anal ysed.

mny be made without departing from the spirit of the invention

and scope of the appended claims.



12. The m crophoto |ysis-analysis process for neasuring the strength of a
cell nmenbrane as clainmed in claiml1, further including the step of
selecting said light activated cell-attack fluorochrome fromthe group
consi sting of phloxine B, eosin- isothiocyanate, pheophorbi de,

pr ot opor phyrin, fluorescein isothiocyanate, fluorescein iﬁgtspgepl%%gat e

dextran, and conbi nations thereof. 13. The m crophoto |ysi Replaced
process for nmeasuring the strength of a cell nmenbrane as CMM HUMm
1, further including the step of adding a test drug to sai I i ng
sol uti on ;provi di ng drug-induced alterations® n cell nenbranes for
determining-the effect of said test drug on cell response to mnicrophoto

| ysis by applying a standardi zed |ight-activated cell-attack fluorochrone
and di stingui shi ngeiizet ween dr ug-

- Claim 4. A method for measuring the strength

of a cell membrane, comprising the steps of:
N suspending test cells whose memnbrane strength are to be
neasured in a' physiologic salt solution of selected osmolality
ranging from about 200 to about 400 milliosmoles forming a cell
el

containing solution;

adding an inactive cell-attacking chemical agent o said cell
containing solution, said inactive cell-attacking chemical agent
comprising molecules absorbing radiant energy in a range of about
300 to about 900 nanometers fcr creating highly reactive electron-
deficient atoms therefrom producing & radiant energy sensitive

solution;
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treated and nontreated cells as a function of tine after drug treatnent.

14. The m crophoto |ysis-analysis process for neasuring the strength of a
cell menbrane as clained in claiml, conprising the step of adding a test
substance to said cell containing solution providing test substance i nduced
alterations in cell menbranes for determning the effect of said test

substance on cell response to mcrophoto Iysis by applyi fgs hestanglar iﬁﬁg
| ight-activated cell-attack fluorochrome and distinguish

substance treated and nontreated cells as a function of tiﬂMEﬂm "t
substance treatnment, said test substance b&lng selected f

consi sting of -glutaral dehyde, al bum n, chlorpromazine, diam de,
gl ucose, al bum n, and pentoxyifylline.

identifying a localized microscopic area containing a micre-
sample of said radiant enercy sensitive solution;

applying a focused first radiant energy in a range of about
300 to about 900 nanometers at a selected wavelength to said micro-
sampoe of said radiant energy sensitive solution, exposing said
cell in said radiant energy sensitive solution to said radiant
energy for a selected period of time for determining the number of
intact cells in said loczlized microscopic area of said micro-
.ample at any time period:

deternining the number of intact cells in said localized
microscopic area; .

applying a fpcused second radiant energy in the range of about
300 to about 900 nanometers for a selected time in a selected time
interval aﬁ:a selected different wavelength than said first radiant
energy, said second radiant energy photoactivating said sell—attack
agent producing highly reactive electron-deficient atoms frem said
cell~attack agent forming a cell-reacting medium:

reacting said highly rezctive electron-deficient atoms in said
cell-reacting medium with said test cells in said localized
microscopic area disrupting the cell membranes of said test cells
permitting loss of said cell contents and changing the aksorption
Of said first radiant energy by said test cells in said localized
nicroscopic area: and

analyzing the strength cf said cell membrane guantitatively by
Comparing the amount of said first radiant energy used to disrupt

Ssaid cell membranes of szicd cells in said micro-sample after

LG ThE ranacemant sheet
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15. The m crophoto |ysis-analysis process for neasuring the strength of a
cell nmenbrane as clained in claim 13, wherein said test drug is an

i ntracel | ul ar-bound specific test drug. 54 16. The m crophoto

| ysi s-anal ysis process for measuring the strength of a cell nenbrane as
claimed in claim1, further including the step of adding diam de to said
cell containing solution for oxidizing the sulfhydryl groups of proteins in

the cell nenbrane
This Sheet Has Been Repl

-- i
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suspenéding test cells whose membrane strength is to be neasurecd :in
“a physiologic solution cf selected osmolality ranging frcm abkcus

200 to about 400 milliosmoles forming a cell containing solution.--

- Claim 6. The method for measuring the strength -
of a cell membrane as claimed in Claim 1, including the step cf
applying said focusedfirst radiant energy in time intervals ranging

from about 1 minute to about 60 minutes. --

- Claim 7. The method for measuring the strengzh
of a cell membrane as claimed in Claim 1, including the step of
applying said focused first radiant energy in time intervals

rénging from about 1 minutes to about 10 mninutes. --

&

<

- Claim 8 . The mnethod for mgasuring the
strength of a cell membrazne as claimed in Clair 1, including the
step of applying said focused first radiant energy in tirne
ntervals ranging from about 1 second tc about 1 minute over a éC
inute periocd or until there are 5 or fewer intact cells within

said leoczlized microscopic area. --

t
ur
M

- Claim 9 . The nethod for mezasuring

>

ot
i

(1]

strength of a cell membrazne as claimed in Claim 1, including
Step of preparing a micrc-sample of about 25 microliters (ul)

0f said radiant energy sensitive solution. --

A



to increase nenbrane fragility and for increasing the cross-Iinking of
spectrin to increase nenbrane rigidity disrupt cell nmenbrane integrity
i-nduci ng alternations in cell nmenbranes for determ ning the effect of said
di am de on cell response to mcro-photo lysis by applying a standardized

| ight activated cell-attack fluorochronme and distingui shing between

di am de-treated and nontreated cells as a function of tine after diam de

treatnment. 17. The Shdecias phrniReplicogdi s- anal ysi s process for measuring the
strength of a cell | ai med in-glain11, further including the

step of adding chl said cel P cont ai ni ng sol uti on produci ng

stomat ocytes and altlering e lipid bilayer of said cell nenbranes to
di srupt cell nmenbrane integrity by increasing nmenbrane fragility

eléctron-deficient atoms therefrom producing & radiant energy
sensitive solution, further including the step of selecting saic
cell-attack agent from the group consisting of phloxine B, eosin-
isothiocyanate, pheophorbide, protoporphyrin, fluorescein
isothiocyanate, fluorescein isothiocyanate dextran, and

combinations thereof. ~-

-~  Claim 13. The method for measuring the
strength of a cell membrzne as claimed in Claim 1, further
including the step of adding a test drug to said cell containing
éolution.-—

N~ - Clainm 14. ‘ The method for ‘measuring the
strength of a cell merbrzne as claimed in Clainr 1, ccnprising the
step of :ddinq a test drug to said cell containing solution
selected from the group consisting of glutaraldehyde, glucose,

slbumin, chlorpromazine, diamide, glucose, albumin, ang

entoxyifylline.--

- Claim 15 . The method for measuring the strength

cf z cell membrane as claimed in Claim 1, further including the

Hh

adding an intracellular-kecund specific test <rug to =said

n
rt

]
s

C

containing sciution.--

(9]
2]
F
Pt
£2

“ R
- Clain 1% The mnmethed for measuring the
strength of ce2ll mermbrane a&s claiznsd in Clainm , further
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wi t hout any change in rigidity of said cell nenbrane inducing alternations
in cell nmenbranes for determning the effect of said chlorpromzine on cel
response to mcrophoto lysis by applying a standardi zed |ight activated
cell-attack fluorochronme and di stingui shing between chl or promazi ne treated
and nontreated cells as a function of time after chlorpronmazine treatnent.
18. The m crophoto |ysis-analysis process for neasuti g the strenoft of a
cell menbrane as clained in claim1l, further i ncl udi® hEkea iG] addi ng
gl ut aral dehyde to said cell containing salution decr e
fragility and increasing nenbrane rigidﬁ@y of said c nduci ng
alterations in cell nenbranes for determning the effect of said

gl ut ar al dehyde on cell response to mcrophoto |lysis by applying a

-~ Claim 10, The method for measuring the
sgrethh oé a cell menbrane as claimed In Clair 1, including the
the step of applying a focusedseccnd radiant energy in the range of
about 300 to about 900 nanometers at a selected different
wavelength to photoactivate said inactive cell-attack agent
producing said highly reactive electron-deficient atoms from said
cell-attack agent in said radiant energy sensitive solution for
about 1 second to about 10 minutes depending on the particular

inactive cell-attack agent selected. --

- Claim 11. The method for measuring the
strength of a cell membrane as claimed in Claim 1, which comprises
the step of adding an inactive_cell—attacking chemical agent to
said cgll containing solution} said inactive cell—atiacking
chenmical agent comprising molecules absorbing radiant energy in a
range of about 300 to about S00 nanometers creating highly reactive
electron-deficient atoms therefrom producing & vradiant energy
sensitive solution, further including the step of selecting said

cell-attack agent specific tc the type of cell to be analyzed.--

- Clain 12. The method Ior measurinc the
strength of a cell membrane as claimed In Claim i, which comprises
the step of adding an inective cell-atizcking chemical agent to
said cell contzining solution, said inactive cell-attacking

Chenical agent comprising mclecules eabscrfing rediant energy in &
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standardi sed |ight activated cell-attack fluorochronme and di stingui shing
bet ween gl utaral dehyde treated and nontreated cells as a function of tine

after gl utaral dehyde treatnment.
for measuring the strength of a cel
further

one test substance to said cel
heet Has Been Replaced

i

electron-deficient

kensitive solution,

gtoms therefronm

further

nmenbr ane as cl ai ned

i ncluding the step of conparing the effect of
contai ning solution for

producing a

including the step

radiant

in cla m 14,
55 addi ng at
nmeasuring the

energy

of selecting said

‘cell-attack agent from the group consisting of phloxine B, eosin-

‘jsothiocyanate,
‘isothiocyanate,

Eombinations thereof.

Claim 13 .

’strength of a

including the step of adding &

solution.~-

&

Claim 14,

N -

pheophorbide,

fluorescein

protoporphyrin,

isothiocyanate

dextran,

fluorescein

and

The method for measuring the

cell membrane as claimed in Claim 1,

The method for

further

test drug to said cell contazining

measuring the

strength of a cell membrane as claimed in Claim 4, comprising the

step  of adding a test drug to said cell containing solution
<

selected from the grour consisting of glutzraldehyde, glucocse,

albumin, chlorpromazine, diamide, gluccse albumin, and

pentoxyifylline.--

- Clainm 15 . The method for measuring the strength
cf a cell newmbrane as clazimed in Clzin 1, further including the
step of adding &n intracesliular-bcund specific test drug to sald
cell ceontaining sclution.-

- Claim 1§, Tne method for measuring <he
strength cf & cell  merIrane &s clzlizmed in Cleir 1, further

ih""‘ |<._ (‘;\Q re ;8! LS3 k] .Cﬂt

) A0 R L

LRI

B

19. The m crophoto |ysis-analysis process
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of said test substance on changes in said cell nmenbrane fragility and

di stingui shing between a change in said nenbrane fragility due to altered
lipid |ayers and a change in said nenbrane fragility due to altered protein
| ayers of said cell nenbrane. 20. The m crophoto |ysis-analysis process for
measuring the strength of a cell nenbrane as clainmed in claima1,
conprising the step of selecting human red blood cells with control

for detecting the disease diabetes by changes in the ce}l hg§ggg§g]€plg§
e.

m crophoto |ysis for changes in nenbrane integrity cause

The m crophoto |ysis-analysis proceqs,for measuri ng H E
menbrane as clainmed in claiml3, further conpri si ng
menbr anes of a cel

21.
cel |

detecting drug-induced alterations in hunan cel

cont ai ni ng an unknown

including the step of &duing diamice to said cell containing
soldtion for oxidizing the sulfhydryl groups of protein§ in the
cell membrane to increase the crecss-linking of spectrin which
disturbs the protein layer of cell membranes to disrupt cell
membrane integrity by increasing membrane fragility and membrane

rigidity.--

- Clainm 17. : The method for measuring the
strength of a cell menmbrane as claimed in Claim 1, further
including the step of adding chlorpromazine to said cell containing
solution producing stomatocytes and altering the lipid bilayer of

said cell membranes to disrupt cell nmembrane integrity by

oz

increasing membrane fragility without any change in rigidity of
said cell membrane. --

- Claim 18. The method for measuring the
strength of a cell membrane as claimed in Claim 1, further
including the step of adding glutaralcdehiyde to szid cell centaining

solution decreasing membrzne fragility and increasing menbrane

rigidity of said cell membrane.--

- Clain 19.

strength c¢f a cell menlrane lzimed in tainm 1

including the step of c
test drug to said cell ccntzining sclution selected fron

Consisting of glutaraldenwvde, chloerzrcocrmezine, diazide, glucose,

further

fi:d

cells

of a

sanpl e

2 8 OCT 139
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concentration of a said drug by addi ng known concentrations of said drug to
the cell sanple inducing alterations in cell nmenbranes for determ ning the
effect of said addition of known concentration of said drug on cel
response to nicrophoto lysis by applying a $Mﬁﬂdamﬂ§3&§Ré1£Qﬂ activat ed
cell-attack fluorochrone before and after th he known
concentration of drug. 22. The m crophoto Iy ;ﬁ MH ocess for
measuring the strength of a cell nenbrane as C al m 1, further
conprising the step of determining the |evel of ATP (aden03|ne
triphosphate) in a cell sanple by treating the cell sanple with known
concentrations of said ATP inducing alte §tions in cell nmenbranes of the
cell sanple for determining the effect of said addition of said ATP on cel
response to mcrophoto lysis

albunin, and pentoxyfylline fo the

8}
__I

measurin

el

changes in cell membrane fragility rather than siaply cell nentrane
rigidity and distinguishing between a change in nembrane fragility
due to altered lipid layers and a change in menbrane fragility due

to altered protein layers of said cell membrane.--

--  Claim 20.. The method for measuring the
strength of a cell membrane as clzimed in Claim3, further
comprising the step of selecting human red blood cells as said test
cells and comparing said selected red blood cells- with control
cells for detecting the disgase diabetes by changes in the cell-
response curve meﬁber integrity caused by the disease.~-

“ :

—-— Claim 21.. The method for measuring the
strengt; cf a cell membrane zs clainmed in Clain 3.,
comprising the steps of detecting drug-induced alterations in hunan
cell nmnenbranes and distinguishing between drucg-trezted and
nontreated human cells by adding known amounts of said drug tc
untreated cells as a function of time after drug treatrment and by
comparison to the effect cf anotehr test drug, pentexifylline which
is & therapeutic agent which increases perighereal tlocd ficw and
increases the "flexirilizv" of cell nernbrenes tc zernit ezsier

red blcod ceils threcugh ziced vessels.~-

4

passage ©

-~ Clainm 22. Tha methed for measurinc the strengint

Cf a cell merbrane as claimsd in Cilaim 2, further cz nZ the

This is the replacement sheet
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by applying a standardi zed |ight activated cell-attack fluorochronme to the
cell sanple and distinguishing between the integrity of the ATP affected
cells and untreated cells before and after the addition of ATP as a
function of time after treatnent and conparing the nenbrane integrity of
cells in the untreated cell sanple wth the nmenbrane integrity of human red

bl ood cells in the ATP-treated cell sanple. 23. The m crophoto
| ysi s-anal ysi s th fmﬁﬁmnm@g@é&i ng the strength of a cell nenbrane as

clainmed in claim I’wlﬂ”’ﬁmprl sing the step of selecting human red
64 -

sfep-of deternining the level of ATF (adenosine triphosphate) jin
the cell membrane of cells in the cell contzining solution by
treating the cell containing soluticn with known amounts of said
ATP and comparing the membrane integrity of cells in the untreated
cell containing solution with the membrane integrity of human red

blocd cells in the treated cell containing solution,--

- Claim 23. The method for measuring the
strength of a cell membrane as claired in Claim 3, further
comprising the step of selecting human red blood cells as said test
cells and comparin? said éeleqtedred blood cells with control human
blood cells for detecting the disease sickle~cell anemia by changes
iﬁ the cell-réspcnse curve’ due tec changes in cell membrane

integrfity caused by the disease.--
<

- Claim 24 . The method for measuring the
strength of a cell membrane as claimed in Clainm 3, further
comprising the step of selecting human red blcod cells as said test
cells and comparing said selected red blocé cells with control
hurman bleod cells for detecting pathologic alterations in hunan
cell membranes by changes in the cell-response curve due tc changes
in the cell nembrane integrity caused by the dissase induced

pathclogy.--
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- Ciaim 25.

strength of & cell membrane a&s clzimed in Claim 2, furthe
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56 blood cells as said test cells and conparing said selected red bl ood

cells with contro
anem a by changes in the cel
cell menbrane integrity caused by said disease.

| ysi s-anal ysis process for neasuring the strength of a cell nenbrane as

claimed in claim1,

further conprising the step of selecting human red

human bl ood cells for detecting the disease sickle-cel
response to mcrophoto lysis for changes in
24. The m crophoto

bl ood cells as said test cells and conparing said selected red blood cells
Replated

with contro

human cel |l nenbranes by changes in the cel
for changes in the cell nenbrane

human bl ood cells for detecting pathol ogitgs $hedt Eacheen

i

65

comprising-the step of selecting human red blccd cells as said tesz
cells and comparing saic selected red blood cells with control
numan blood cells for differentiating between normal human cells
and single-disease altered cells and for distinguishing said normal
human cells and said single-disease altered cells from multiple

disease altered cells.--

Clainm 26.. The method for mezsuring the strength of
a cell membrane as claimed in Claim1 , which corprises the step of
adding an inactive cell-zttacking chemical agent to said cell
c.ontaining: solution, sai:d inactive cell-attacking chemical agent
conmprising molecul:;s absorbting radiant energy in a range of about
300 to about 900 nanoneters creating highly reactive electron
defici-egt atoms therefrem producing a radiant energy sensitive

&
solution, further including the ster of selecting & specific

fluorochrome as saild cell attack-agent for & sgecific type of

cell.--

- Claim 27 . The method for meastring the
strength of a cell menrbrazne as claimed in Clzim 1, inciudinc the
step of varying said oswmclaliity of saicd cell centaining sciution.--

- Claim 28 . The wmethcd Icr nezsuring the
strength cf a cell nmermtrang as claimed in Clzis @, including the
step of varyind the ccocrncsniration of szild cells susgended In Said

AN R

|
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Integrity caused by the said nenbrane pathol ogy. 25. The m crophoto
| ysi s-anal ysis process for neasuring the strength of a cell nenbrane as

clainmed in claim?24,

with contro

altered cells. 26. The m crophoto |ysis-analysis process for neasuring the

human bl ood cells for differentiating between nornal

further conprising the step of selecting hunman red
bl ood cells as said test cells and conparing said selected red blood cells

hunman

cells and single-disease altered cells and for distinguishing said nornal
human cells and said single-disease altered cells fromnultiple disease

strength of a cell nenbrane as clained in claima1l, f uFhisheet & ced
step of selecting a specific |ight activat edbbel | -atta ﬁ

specific type of test cell.

cell containing scluticn.--

~— Claim 29.. The method for measuring the
strength of a cell membrane as claimed in Claim 2, including the
step of applying said seccnd radiant energy to produce a pattern of
changes for untreatednorral cells with normal membranes and normal
metabolism and comparing the strength of the membrane of said

untreated normal cells with the strength of the membrane of cells

which have been treated by exposure to a chemical agent.--

~- Claim30 . The methed for measuring the
strength of a cell®*membrane as clzimed in Clain 29, which comprises

the steps of adding a cell membrzne altering including anesthetic

agents, pentoxifylline, dianide, glutaraldehyde, and
chlorpfomazine. --
-— Claim 31. The mnethcd for measuring the

strength of a cell membrane as claimed in Claim 29, which comprises

the steps of adding a cell membrane altering environmental toxic

agent including a heavy netal. ~-

-- Claim 32. . The methcd for measuring the
strength of a cell menbrzne as clzipmed in Cieimgg which comprises
the steps of adding a cell mnerbranes zitering biological agent
including a virus, a kac:teria, & heormone, or an enzyne. --

he
for
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27. The m crophoto |ysis-analysis process for neasuring the strength of a
cell nmenbrane as clainmed in claiml1, including the step of standardising
said osnolality of said test cells and light activated cell-attack
fluorochrone in a standardi zed buffer solution. 28. The m crophoto

| ysi s-anal ysis process for neasuring the strength of a cell . pepbrape as
claimed in claiml, including the step of varying the conceﬁgg cethias Reen Keplaged
test cells suspended in said cell containing solution. 29. T H

| ysi s-anal ysis process for neasuring the strength of a cel

claimed in claim1, including the step of applying said focused second

-l
The strength

- Clain 33 . The methcd fer measurin

Y]

of a cell membrane as clzimed in Clzim 32, which comprises the
steps of adding a cell mnembrane =altering bioclogical agent
conprising a disease including diabetes, hypertension, anemia,

sepsis, and an altered immune system. -=-

-- Claim 34, The method for measuring the strength
of a cell membrane as claimed in Claim !, further including the
step of adding an intracellular membrane-bound specific test drug

o said cell containing solution.--

- Claim 35 The method for measuring the strength
of a cell membrane.as claimed in Claim !, further including the
step of adding an extracellular membrane-bound specific test drug

to said cell containing solution.--

.
- Claim 36. The nethod for measuring the strength
of a cell membrane as claimed in Claim 1, further including the
step of preparing a micro-sample of about 25 microliters (gl)
of said radiant energy sensitive solution within & covered well
means and placing at least one water. saturated wick within said
well means in close proxirity to said micro-sample for preverting
dehydraticn cf said micro-sample of said radiant energy sensitive

soluticn.-~-

weasuring the strerngth
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57 frequency-specific light energy to produce a pattern of changes for
untreated normal cells with normal nenbranes and normal netabolism and
conparing the strength of the nenbrane of said untreated normal cells with
the strength of the nenbrane of cells which have been treated by exposure
to a known chem cal. 30. The m crophoto |ysis-analysis process for
measuring the strength of a cell nenbrane as clainmed in claim29, which
conprises the stepﬁhof adding a chem cal which alters a cell nenbrane

i ncl udi ng pent oxi f y! S'mm BeamiReglaceqy| ut ar al dehyde, and

IR

of a cell nmembrane as claimed in Clain !, irncluding the step of

producing a cell-response curve having at least four different
guantitative measurements of cell membrane integrity for said

selected time intervals of cell strength measurement. =--

- Claim 38. A method to measure the strength of a

cell membrane, comprising the steps of:
isclating test cells whose membrane strength is to be

measured:
. suspending said test cells in a physiologic solution of
selected osmolality rénging from about 200 to -about 400 ,
milliosmoles forming a cell containing solution;:
o~ adding an inactive cell-attacking fluorochrome agbﬁt to said
cell éogtaining solution, said inactive cell~attacking fluorochrome
agent absorbing radiant energy in a range of about 300 to about 900
nanometers for forming highly reactive electron-deficient atoms
therefrom for producing a radiant energy sensitive solution:

preparing a micro-sample of said radiant energy sensitive

solution centaining said cells in a localized microscopic area;

applyinc a fccused first radiant energy at a selected
wavelength in a range of about 300 to about 900 nancmeters to said
cells in said radiant energy sensitive scluticn for deternining the

nunber of intact cells in saié localized microsccpic arez cf said

nicrc~sample &t a selactel tine;
determining the nurmber of cells having intact merbranes in -
seid localized microscopic area cf said micro-sample:
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chl orpromazi ne. 31. The m crophoto |ysis-analysis process for nmeasuring the

strength of a cell
steps of testing for a cel
hyper chol esterol em a, and sickl e-cel
| ysi s-anal ysis process for neasuring the strength of a cell nenbrane as

in claim15, further including the step of adding an intracellular
cont ai ni ng sol ution for

ARODA

T

cl ai ned

menbr ane- bound specific test drug to said cel
measuring alterations in cell
characteristics that are created by a |ight activated ceII-atr

fluorochrone that processes through the %gl

aprlying & focused second radiant energy at a selected
wavelength in a range of about 300 to about 900 nanoneters to szid
inactive cell-attacking fluorochrome agent in said radiant enerqgy

sensitive solution for a selected time and a selected interval st

a selected different wavelength than said focused first radiant

energy, said second radiant energy photoactivating said cell-
attacking fluorochrome agent producing said highly reactive
electron~deficient atoms from said cell~-attack fluorochrome agent
in the said radiant energy sensitive solution:

reacting said highly reactive eléctron-deficieﬁt atons from
said cell-attacking fluo;ochrome agent with said cell membranes in
said localized microscopic area of said micro-sample disrupting
N . .
céﬁl membranes permitting loss of cell contents and chanrging the
cell absgrption of saild focused first radiant energy;

analyzing the strength of said cell membrane guantitatively Ly
comparing the amount of said focused first radiant energy absorbed
by said cells in said localized nicroscopic arez for a selected
time after exposure to szicd focused second radiant energy for a
selected time interval, with the amount of said fccused first

nergy applied efore, throughcut, and =after <the

o

<

Taql

+
[s1]

application cf said focusel seconé radiant energy; and

comparing the starting nurmber of cells with the maxinum number
of cells disruptéd, the time to reach disruption cf 1/2 cf =the
maxinurm number of cells tc be disrupted, and the maxinum rate of
cell disrupticn and producing z cell-response curve having at

ferent cguzntitzztive neasurexents c¢i cell =zzmb

TR TIVE

H|

Iour di

TR O 00

menbrane fragility due to changeShdely

i

menbrane as clainmed in claim1, which conprises the
menbrane al tering disease including diabetes,
anem a. 32. The m crophoto



menbrane to attach to internal cell structures where said fluorochrone
becones activated only inside of the cell. 33. The m crophoto

| ysi s-anal ysis process for nmeasuring the strength of a cell nmenbrane as
claimed in claiml, further including the step of adding an extracellul ar
menbr ane- bound specific test drug to said cell containing solution for
measuring alterations in cell nenbrane fragility due to changes in nenbrane
characteristics that are created by a light activated cell-attack
fluorochrone that remains and becones activated only outside the cell. 34.
The m crophoto |ysis-analysis process for neasuring the strength of a cell
menbrane as clainmed in claim1, further including the step of preparing a

m cro- sanpl e
70
integrity. --

-- Claim 35 The method for measuring the strength
of a cell membrane as claimed in Claim 2, further comprising the
step of determining the level of glucose in the cell membrane of .
cells in the cell containing solution by treating the cell-‘
containing solution with known amounts of said glucose and
comparing the membrane integrity of cells in the untreated cell
containing solution with the membrane integrity of human red blood

r

cells in the treated cell containing solution.--

v This Sheet Has Been Replaced
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of about 25 microliters ([err]1l) of said photosensitive chem cal solution
within a covered 58 well neans and placing at | east one water saturated
wick within said well neans in close proximty to said mcro-sanple for
preventing dehydrati on of said mcro-sanple of said phBtxthesnsatBesreRepheddi cal
solution. 35. The microphoto |ysis-analysis process for

strength of a cell nenbrane as clained in claim3, incl

produci ng a cell-response curve

of

71

A MICROPHOTO LYSIS-ANALYSIS PROCESS

TO MEASURE CELL CHARACTERISTICS AND DIAGNOSE DISEASES

ABSTRACT

A method of determining cell membrane strength is diébloséd,
using focused light of selected frequency and energy density.
The method is also useful in diagnosing the presence of certain
diseases in cells, by comparing the membrane strength of cells
exposed to cell-characteristic altering drugs to the membrane

strength of a control group of cells.
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having at | east four different quantitative neasurenents of cell nenbrane
integrity for said selected tine intervals of cell response to a |ight
activated cell-attack fluorochrone. 36. The m crophoto |ysis-analysis
process for neasuring the strength of a cell nenbrane as clainmed in claim
1, further conprising the step of determningy | evel of glucose in the
cell containing sanple by treating the cell containing sanple with known
anounts of glucose and conparing the nmenbrane integrity of test cells in
the untreated cell containing sanple mﬁth t he nenbrane integrity of test
cells in the treated cell containkﬁg I ]égD—A ] hot o

| ysi s-anal ysis process for neasuring cell menbrane and

detecting abnormalities thereof by aefcylng preC|se quaxities of a first
focused |ight oules/cm

100 | Q’%QQOO%OO il

=)
@)
=
S
()
<7
= <
.
< X 60 + 4
| <q
=] |
2 3
o o 40 - _
A, = ‘
) <
0
o 20 + -
f ,
¥ oOoo
NN 050
~ 0 1 ! ! | L
(O 10 20 30 40 50
TIME (MINUTES)
FIGURE 1
Thﬁ'sfurniwpranfﬁwpf

. P T 1’-“.%
oy, ] IR TR K Yy
WEDLD P ¢ B VIV by s o6



of selected frequency and energy density to a precise mcroscopic area of a
cell sanple containing test cells for neasuring as a function of tine the
preci se degree of cell disruption, applying a second focused |ight of
second sel ected frequency and energy density to said cell sanple thereby

photo-activating a light activated cell -at fl uorochrone for attacking
cell nmenbranes in said mcroscopic area of ght-stinmul ated cel |l -attack
providing a quantitative, time-related, |ight-dose dependent neasure of

cell fragility, conmparing the steps of: suspending test cells whose
menbrane strength are to be neasured in a cell contaipning sol ution; adding

an inactive light activated celtyagggg§ ﬁkHREB%ﬂV%ﬂ%1 0 said cel

cont ai ni ng
2
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solution, said inactive cell-attack fluorochronme conprising nol ecul es
absorbing light energy in a known range of excitation frequencies producing
a phot osensitive chem cal solution; 59 preparing a micro-sanple of said
phot osensiti ve chem cal solution containing said test cells; identifying a
| ocal i zed m croscopic area wthin said nicro-ﬁﬁgyle of said
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phot osensitive solution; applying a specific amount of the focused first
frequency-specific light energy in the cell absorption range to said

m cro-sanpl e of said photosensitive chem cal solution, exposing said
cell(s) in said photosensitive chem cal solution to said first frequency-
specific light energy for a selected period of Z%fﬁ for determning |ight
absorption by intact test cells in said | ocal i 4 m croscopi c area of said
m cro-sanple at any tine period; determining the |light absorption and
nunber of intact test cells in said |ocalized mcroscopic area by measuring
t he amount of said first frequency-specific |ight ener gy passi ng through

said cells in said mcro-sanple qf quprhngfﬁgg}qiﬁﬁ chem cal sol ution
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in said localized mcroscopic area; applying a specific amount of the
focused second frequency-specific light energy in the
fluorochrone-excitation range for a selected tinme in a selected tine
interval at a selected different wavel ength than said first
frequency-specific |ight energy, said second frequency-specific |ight
energy photo-activating said photosensitive ¥B2nical solution formng a
cell-reacting nedium reacting said cell-reacting nmedium containing said
test cells in said |ocalized mcroscopic area disrupting the cell nenbranes
of-said test cells permtting loss of said cell contents and.changing the
absorption of said first frequency-specific light energy by said test cells
in said |localized mcroscopic area;
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anal ysing the strength of said cell nenbrane quantitatively by conparing
the amount of said first frequency-specific |light energy passing through
said test cells in said mcro-sanple after m cro-sanple exposure to said
second frequency-specific light energy, with the amount of said first
frequency-specific |ight energy passing througg said test cell(s) in said
m cr o- sanpl e before m cro-sanple exposure to s {2 second frequency- 60
specific light energy for determ ning |ight absorption by remaining intact
test cells in
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said | ocalised mcroscopic area at selected tine intervals; and

coordi nati ng and conparing the above test results to val ues for nornal

cell (s) to nmeasure changes in cell fragility. 38. The m crophoto

| ysi s-anal ysis process for measuring the strength of a cell nenbrane as
claimed in claim37, wherein said anal ysing stz&zconprises conmparing the
starting nunber of cells with the nmaxi mum nunb of test cells disrupted,
the tine to reach disruption of 1/2 of the nmaxi mum nunber of cells to be
di srupted, and the maxinumrate of cell disruption during said selected
time intervals. 39. The m crophoto |ysis-analysis process for neasuring the
strength of a cell nmenbrane as clained in claim37, wherein said anal ysing
step conprises conparing the
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starting nunmber of test cells with the maxi num nunber of cells disrupted,
the time toireach disruption of 1/2 of the maxi mum nunber of cells to be
di srupted, and the maxinumrate of cell disruption. 40. The m crophoto

| ysi s-anal ysis process for measuring the strength of a cell nenbrane as
claimed in claim37, including the step of sngfting said test cells from
the group consisting of red cells, white cel PSS“ platelets, or mxture
thereof. 41. The m crophoto |ysis-analysis process for nmeasuring the
strength of a cell nmenbrane as clainmed in claim37, including the step of
applying said focused first frequency-specific light energy in tine
intervals ranging fromabout 2 mnutes to about 60 m nutes.
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42. The m crophoto |ysis-analysis process for neasuring the strength of a
cel'l menbrane as clainmed in claim37, including the step of applying said
focused second frequency-specific Ilght energy intinme intervals ranging
fromabout 2 mnutes to about 10 m nutes. The m crophot o

| ysi s-anal ysis process for neasuring the strength of a cell nenbrane as
clainmed in claim37, including the step of appP§¥dhg and neasuring the
anount of said focused first frequency-specific |ight energy passing

t hrough said mcro- This is the replacenent sheet
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61 sanple at 30- second time intervals over a 60-m nutes period or until
there are 5 or fewer intact test cells within said |ocalised m croscopic
area. 44. The mcrophoto |ysis-analysis process for neasuring the strength
of a cell nmenbrane as clainmed in claim37, including the step of preparing
a mcro-sanple of about 25 mcroliters ([errgﬁé of said photosensitive
chem cal solution. 45. The m crophoto |ysis- 2ysis process for measuring
the strength of a cell nenbrane as clained in claim37, including the step
of applying a second frequency- specific |ight energy at a sel ected

di fferent wavel ength to photo-activate said inactive
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cell-attack fluorochrone fromabout 2 mnutes to about 10 m nutes depending
on. the particular inactive cell-attack fluorochrone selected. 46. The

m crophoto | ysi s-anal ysis process for nmeasuring the strength of a cel
menbrane as clainmed in claim37, further including the step of selecting
said light activated cell-attack fluorochromgspecific to the type of cel
to be anal ysed. 47. The m crophoto |ysis-analysis process for neasuring the
strength of a cell nenbrane as clainmed in claim37, further including the
step of selecting said |ight activated cell-attack fluorochrome fromthe
group consi sting of phloxine B, eosiniosthiocyanate, pheophor bi de,

prot opor phyrin, fluorescein isothiocyanate, fluorescein isothiocyanate
dextran, and conbi nati ons thereof.

2 2
90 J/cm 180 J/cm
100 —
2l
= 80 +
O
o}
0
3]
o
5 60
=
=
(@]
5
i/ 40 -t
=1
n
z
(@]
7
&) 20 4
a4
N <
O -

60 20 40 60
TIME (MINUTES)

FIGURE 11

e
:E;.‘ﬁ';



48. The m crophoto |ysis-analysis process for neasuring the strength of a
cell nmenbrane as clainmed in claim37, further including the step of adding
a test drug to said cell containing solution providing drug-induced
alterations in cell menbranes for determning the effect of said test drug
on cell response to mcrophot |ysis by applyiggz? st andar di sed

| ight-activated cell-attack fluorochronme and distingui shing between drug-
treated and nontreated cells as a function of tinme after drug treatnent.
49. The m crophoto |ysis-analysis process for neasuring the strength of a
cell menbrane as clained in claim37, conprising the step of adding a test
substance to said cell containing solution providing test substance induced
alterations in cell menbranes for determning the effect of said test

substance on cell response to anOfy%tr%iysi s by 180 J/sz
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62 applying a standardi sed |ight-activated

cell-attack fluorochronme and di stinguishing between test substance treated
and nontreated cells as a function of tinme after test substance treatnent,
sai d test substance being selected fromthe gggzp consi sting of

chl or promazi ne, 1 d

gl ut ar al dehyde,

al bum n,

and pentoxyifylline.
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50. The m crophoto |ysis-analysis process for neasuring the strength of a
cell nmenbrane as clained in claim48, wherein said test drug is an

i ntracel | ul ar-bound specific test drug. 51. The m crophoto |ysis-analysis
process for neasuring the strength of a cellnfenbrane as claimed in claim
37, further including the step of adding dia 482t o said cell cont ai ni ng
solution for oxidizing the sulfhydryl groups of proteins in the cel
menbrane to i ncrease nmenbrane fragility and for increasing the
cross-linking of spectrin to increase nenbrane rigidity and di srupt cel
menbrane integrity inducing alterations in cell menbranes for determning
the effect of said diamde on cell response to mcro- photo |lysis by

appl ying a standardi sed |ight activated cell-attack fluorochrome and
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di stingui shing between di am de-treated and nontreated cells as a function
of. tinme after diamde treatnent. 52. The m crophoto |ysis-analysis process
for neasuring the strength of a cell nenbrane as clainmed in claim 37,
further including the step of adding chlorpromazine to said cell containing
sol ution producing stomatocytes and altering the lipid bilayer of said cell
menbranes to disrupt cell nmenbrane integrity by increasing nenbrane
fragility without any change in rigidity of said cell nenbrane inducing
alterations in cell nenbranes for determining the effect of said

chl or promazi ne on cell response to mrcophoto |ysis by applying a -
standardi sed |ight activated cell-attack fluorochronme and di stingui shing
bet ween chl orpronazi ne treated and noﬁéﬁ@ated cells as a function of tine

RED BLOOD CELL SENSITIVITY
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after chlorpromazine treatnent. 53. The m crophoto |ysis-analysis process
for measuring the strength of a cell nenbrane as clained in claim 37,
further including the step of adding gl utaral dehyde to 63 said cel
cont ai ni ng sol uti on decreasing nmenbrane fragility and increasi ng nenbrane
rigidity of said cell menmbrane inducing alterations in cell nenbranes for
determ ning the effect of said glutaral dehyde on cell response to

m crophoto |ysis by applying a

16/22
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standardi sed |ight activated cell-attack fluorochronme and di stingui shing
bet ween gl ut aral dehyde treated and nontreated cells as a function of tine
after glutaral dehyde treatnment. 54. The m crophoto |ysis-analysis process
for measuring the strength of a cell nmenbrane as clainmed in claim49,
further including the step of conparing the effect of adding at |east one
test substance to said cell containing solution for nmeasuring the effect of
said test substance on changes in said cell nenbrane fragility and

di stingui shing between a change in said nmenbrane fragility due to altered
lipid |layers and a change in said nenbrane fragility due to altered protein
| ayers of said cell nenbrane. 55. The m crophoto |ysis-analysis process
for neasuring the strength of a cell 17122
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menbrane as clainmed in claim37, further conprising the step of sel ected
human red bl ood cells as said test cells and conparing said selected red

bl ood cells with control cells for detecting the di sease di abetes by
changes in the cell response to mcrophoto lysis for changes in nmenbrane
Integrity caused by said disease. 56. The m crophoto |ysis-analysis process
for measuring the strength of a cell nenbrane as clained in claim48,
further conprising the steps of detecting drug-induced alterations in hunan
cell nmenbranes of a cell sanple containing an unknown concentration of a
said drug by addi ng known concentrations of said drug to the cell sanple

I nducing alterations in cell nenbranes for determning the effect of said
addi tion of known concentration of said gjyg on cell response to m crophoto

| ysis by applying a
D BLOOD CELL SENSITIVITY OF HUMANS
TO PTFX EXPOSURE OF 24 HOURS
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standardi sed |ight activated cell-attack fluorochrone before and after the
addition of the known concentration of drug. 57. The m crophoto

| ysi s-anal ysis process for nmeasuring the strength of a cell nmenbrane as
claimed in claim37, further conprising the step of determ ning the |evel
of ATP (adenosine triphosphate) in a cell sanple by treating the cel
sanple with known This is the repl acenent sheet 64
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concentrations of said ATP inducing alterations in cell nenbranes of the
cell sanple for determning the effect of said addition of said ATP on cel
response to mcrophoto lysis by applying a standardi sed |ight activated
cell-attack fluorochrome to the cell sanple and distingui shing between the
integrity of the ATP affected cells and untreated cells before and after
the addition of ATP as a function of tinme after treatnent and conparing the
menbrane integrity of cells in the untreated cell sanple with the nenbrane
integrity of human red blood cells in the ATP-treated cell sample. 58. The
m crophoto | ysi s-anal ysis process for neasuring the strength-of a cel
menbrane as clainmed in claim37, further conprising the step of selecting
human red bl ood cells as said test cellsogag conparing said selected red
bl ood cells with control “
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human bl ood cells for detecting the disease sickle-cell anem a by changes
in the cell response to mcrophoto lysis for changes in cell nenbrane
integrity caused by said disease. 59. The m crophoto |ysis-analysis process
for neasuring the strength of a cell nenbrane as clainmed in claim 37,
further conprising the step of selecting human red blood cells as said test
cells and conparing said selected red blood cells with control human bl ood
cells for detecting pathologic alterations in human cell nmenbranes by
changes in the cell response to mcrophoto |ysis for changes in the cel
menbrane integrity caused by the said nenbrane pathol ogy. 60. The

m crophoto |ysis-anal ysis process for neasuring the strength of a cel
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further

including the step of selecting a specific |light activated cell-attack

fluorochrone for a specific type of test cell
22/22

further conprising the step of selecting

human red bl ood cells as said test cells and conparing said selected red
menbrane as clained in claim 37,

human bl ood cells for differentiating between

human cel |l s and singl e-di sease altered cells and for distinguishing
61. The m crophoto |ysis-analysis process for

human cells and said single-disease altered cells fromnmultiple

menbrane as clainmed in claimb59,
measuring the strength of a cel

bl ood cells with control

nor nal
di sease altered cells.
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65 62. The m crophoto lysis-analysis process for ‘mgasufing :tﬁﬂgecﬁgq.%pq’%hyp.féﬁ
a cell nenbrane-as clained in claim37, includingthe stenyof. varytng Dt@_ﬁgj
concentration of said test cells suspended in said; ,-‘%Js]a-;-&o“tzéz';{.f?éd‘ﬂ'l. o m;ed €7
solution. 63. The m crophoto |ysi s-analy1 i's process for maasdrrng the ™~
strength of a cell menbrane as-claimed i claimB7, 1ncluding the e
appl ying said focused second frequency-specific :l ' fﬁﬁ%&%’ ; 1998
pattern ofPTeffsh§aR Proyide dirsieayes deirstiomiof cliserses whatralicoromiyl theead)t messbramel
nor mal nmetsgieicdiséd’es Gamhedlicd Gnly theSinte@itd (Bl @Rbmpb&iH% dHdaRS zﬁferzﬁﬁﬂn@ due

S

unt r eat ed n(armal cells with the strength of the menbrane of cell
to drug treatments.

The energy level for activation of an intracellular agent will in part depend on the
anti-oxidant status of the cell. Many cells such as red blood cells usually carry oxygen
and these cells maintain a well developed anti-oxidant system to protect the cell against
auto-oxidation. Other current techniques to assess cell fragility or deformability cannot
also assess anti-oxidant activity because these other methods do not induce oxidation
reactions within the cell. The present invention can measure the difference in cell
fragility due to photoactivation of specific external and internal chemical agents as a new
method to determine the status of the anti-oxidant system in the cell.

The present invention is a new "microphotolysis and microphotoanalysis process"
which uses a new combination of generally available equipment in a new sequence of
new procedures, solutions, and new preparations.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a mircophoto
lysis-analysis process for measuring the strength of a cell membrane and detecting
abnormalities thereof by applying precise quantities of a first focused light of selected
frequency and energy density to a precise microscopic area of a cell sample containing
test cells for measuring as a function of time the precise degree of cell disruption
applying a second focused light of second selected frequency and energy density to said
cell sample thereby photo-activating a light activated cell-attack fluorochrome for
attacking cell membranes in said microscopic area of light-stimulated cell-attack
providing a quantitative, time-related, light-dose dependent measure of cell fragility,
comprising the steps of: suspending test cells whose membrane strength are to be
measured in a physiological salt solution of selected osmolality forming a cell containing
solution; adding an inactive light activated cell-attack fluorochrome to said cell
containing solution, said inactive cell-attack fluorochrome comprising molecules
absorbing light energy in a known range of excitation frequencies producing a
photosensitive chemical solution; preparing a micro-sample of said photosensitive
chemical solution containing said test cells; identifying a localised microscopic area
within said micro-sample of said photosensitive solution; applying a specific amount of
the focused first frequency-specific light energy in the cell absorption range to said
micro-sample of said photosensitive chemical solution, exposing said cell(s) in said
photosensitive chemical solution to said first frequency-specific light energy for a
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whi ch have been treated by exposure to a known chemi cal. 64. The m crophoto
| ysi s-anal ysis process for neasuring the strength of a cell nenbrane as
claimed in claim63, which conprises the steps of adding a chem cal which
alters a cell nenbrane including pentoxifyylline, diamde, glutaraldehyde,
and chl or pronmazi ne. 65. The m crophoto |ysis-analysis process for measuring

e SUU Nl Bussl be AP A0S RS ehal Tof L Chab il £ STP S, e
hyper chol detaised aticrascopidarea ©F k&d aricto-sangple at ar§6time phodyi deteypliming the light
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measuring the amount of said first frequency-specific light energy passing through said
cells in said micro-sample of said photosensitive chemical solution in said localised
microscopic area; applying a specific amount of the focused second frequency-specific
light energy in the fluorochrome-excitation range for a selected time in a selected time
interval at a selected different wavelength than said first frequency-specific light energy,
said second frequency-specific light energy photo-activating said photosensitive chemical
solution forming a cell-reacting medium; reacting said cell-reacting medium containing
said test cells in said localised microscopic area disrupting the cell membranes of said
test cells permitting loss of said cell contents and changing the absorption of said first
frequency-specific light energy by said test cells in said localised microscopic area;
analysing the strength of said cell membrane quantitatively by comparing the amount of
said first frequency-specific light energy passing through said test cells in said micro-
sample after micro-sample exposure to said second frequency-specific light energy, with
the amount of said first frequency-specific light energy passing through said test cell(s)
in said micro-sample before micro-sample exposure to said second frequency-specific
light energy for determining light absorption by remaining intact test cells in said
localised microscopic area at selected time intervals; and coordinating and comparing the
above test results to values for normal cell(s) to measure changes in cell fragility.
According to another aspect of the present invention there is provided a
microphoto lysis-analysis process for measuring the strength of a cell membrane and
detecting abnormalities thereof by applying precise quantities of a first focused light of
selected frequency and energy density to a precise microscopic area of a cell sample
containing test cells for measuring as a function of time the precise degree of cell
disruption, applying a second focused light of second selected frequency and energy
density to said cell sample thereby photo-activating a light activated cell-attack
fluorochrome for attacking cell membranes in said microscopic area of light-stimulated
cell-attack providing a quantitative, time-related, light-dose dependent measure of cell
fragility, comparing the steps of: suspending test cells whose membrane strength are to
be measured in a cell containing solution; adding an inactive light activated cell-attack
fluorochrome to said cell containing solution, said inactive cell-attack fluorochrome
comprising molecules absorbing light energy in a known range of excitation frequencies
producing a photosensitive chemical solution; preparing a micro-sample of said
photosensitive chemical solution containing said test cells; identifying a localized
microscopic area within said micro-sample of said photosensitive solution; applying a
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menbrane as clainmed in claim50, further including the step of adding an
I ntracel | ul ar nmenbr ane-bound specific test drug to said cell containing
solution for nmeasuring alterations in cell nenbrane fragility due to
changes in nmenbrane characteristics that,are created by a light activated
cell-attack fl uorochrorre t hat processes through t he ceII rrenbrane to attach
to internal t uor Q cone ated only
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localized microscopic area of said micro-sample at any time period; determining the light
absorption and number of intact test cells in said localized microscopic area by
measuring the amount of said first frequency-specific light energy passing through said
cells in said micro-sample of said photosensitive chemical solution in said localized
microscopic area; applying a specific amount of the focused second frequency-specific
light energy in the fluorochrome-excitation range for a selected time in a selected time
interval at a selected different wavelength than said first frequency-specific light energy,
said second frequency-specific light energy photo-activating said photosensitive chemical
solution forming a cell-reacting medium; reacting said cell-reacting medium containing
said test cells in said localized microscopic area disrupting the cell membranes of said
test cells permitting loss of said cell contents and changing the absorption of said first
frequency-specific light energy by said test cells in said localized microscopic area,
analysing the strength of said cell membrane quantitatively by comparing the amount of
said first frequency-specific light energy passing through said test cells in said micro-
sample after micro-sample exposure to said second frequency-specific light energy, with
the amount of said first frequency-specific light energy passing through said test cell(s)
in said micro-sample before micro-sample exposure to said second frequency-specific
light energy for determining light absorption by remaining intact test cells in said
localised microscopic area at selected time intervals; and coordinating and comparing the
above test results to values for normal cell(s) to measure changes in cell fragility.

These and other improvements will be better understood on reading the description
which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will be had upon reference to the
following description in conjunction with the accompanying drawings, wherein:

Figure 1 is a plot showing curves for the percentage number of surviving intact
human red blood cells (measured as a relative Response-Area Optical Density) in two
rectangular areas of a cell micro-sample as a function of time from the beginning of a
light-activated cell-attack stimulus of 245 Joules/cm? (open circles) which create
microphotolysis in one rectangular area and

This is the replaecemant shass

-~
¢



66 created by a light activated cell-attack fluorochrone that

remai ns and

becones activated only outside the cell. 68. The m crophoto |ysis-analysis

process for neasuring the strength of a cell nenbrane as clainmed in claim

37 further including the step of prepargng a mcro-sanple of about 25
mcroliters ([err]1l) of said photosensitive chemcal solution within a
covered well neans and placing at | east one water saturated wick within

said wel l

means in close CLAIMS

1. A mircophoto lysis-analysis process for measuring the strength of a cell membrane
and detecting abnormalities thereof by applying precise quantities of a first focused light
of selected frequency and energy density to a precise microscopic area of a cell sample
containing test cells for measuring as a function of time the precise degree of cell
disruption applying a second focused light of second selected frequency and energy
density to said cell sample thereby photo-activating a light activated cell-attack
fluorochrome for attacking cell membranes in said microscopic area of light-stimulated
cell-attack providing a quantitative, time-related, light-dose dependent measure of cell
fragility, comprising the steps of:

suspending test cells whose membrane strength are to be measured in a
physiological salt solution of selected osmolality forming a cell containing solution;

adding an inactive light activated cell-attack fluorochrome to said cell containing
solution, said inactive cell-attack fluorochrome comprising molecules absorbing light
energy in a known range of excitation frequencies producing a photosensitive chemical
solution;

preparing a micro-sample of said photosensitive chemical solution containing said
test cells;

identifying a localised microscopic area within said micro-sample of said
photosensitive solution;

applying a specific amount of the focused first frequency-specific light energy in
the cell absorption range to said micro-sample of said photosensitive chemical solution,
exposing said cell(s) in said photosensitive chemical solution to said first frequency-
specific light energy for a selected period of time for determining light absorption by
intact test cells in said localised microscopic area of said micro-sample at any time
period;

determining the light absorption and number of intact test cells in said localised

microscopic area by measuring the amount of said first frequency-specific light energy
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proximty to said mcro-sanple for preventing dehydration of said

m cr o- sanpl e of said photosensitive chem cal solution. 69. The m crophoto
| ysi s-anal ysis process for nmeasuring the strength of a cell nmenbrane as
claimed in claim39 including the step gfi producing a cell-response curve
having at | east four different quantitative neasurenents of cell nenbrane
integrity for said selected tine intervals of cell response to a |light

act i vat ed pasding gtroegik sdifl wollo orh saidemic#Bsanifiie ofrsaid phhwsensktivei cheanicl ysolusion
process for neasuring the strength of a cell nenbrane as clained in claim
37, furt her ssiddpralisechppierngcopicedseaf determining the level of glucose in the
cell containing sanple by treatin% the cell containing sanple w th known
anount s of gl GEPYEZHEPCHIRAPPYHY of te FasHssdsseond frequeney sneeificdight eaengy inn

the untr e?lgeegluorochrome-excitation range for a selected time in a selected time interval at a
selected different wavelength than said first frequency-specific light energy, said second
frequency-specific light energy photo-activating said photosensitive chemical solution
forming a cell-reacting medium;

reacting said cell-reacting medium containing said test cells in said localised
microscopic area disrupting the cell membranes of said test cells permitting loss of said
cell contents and changing the absorption of said first frequency-specific light energy by
said test cells in said localised microscopic area;

analysing the strength of said cell membrane quantitatively by comparing the
amount of said first frequency-specific light energy passing through said test cells in said
micro-sample after micro-sample exposure to said second frequency-specific light
energy, with the amount of said first frequency-specific light energy passing through said
test cell(s) in said micro-sample before micro-sample exposure to said second frequency-
specific light energy for determining light absorption by remaining intact test cells in
said localised microscopic area at selected time intervals; and

coordinating and comparing the above test results to values for normal cell(s) to
measure changes in cell fragility.
2. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, wherein said analysing step comprises comparing the
starting number of cells with the maximum number of test cells disrupted, the time to
reach disruption of 1/2 of the maximum number of cells to be disrupted, and the
maximum rate of cell disruption during said selected fime intervals.
3. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, wherein said analysing step comprises comparing the

starting number of test cells with the maximum number of cells disrupted, the time to
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cell containing sanple with the nenbrane integrity of test cells in the
treated cell containing sanple.
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reach disruption of 1/2 of the maximum number of cells to be disrupted, and the
maximum rate of cell disruption.

4. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of selecting said test cells from the
group consisting of red cells, white cells, platelets, or mixture thereof.

5. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of suspending test cells whose
membrane strength is to be measured in a physiologic solution of selected osmolality
ranging from about 295 to about 315 milliosmoles forming a cell containing. solution.

6. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of applying said focused first
frequency-specific light energy in time intervals ranging from about 2 minutes to about
60 minutes.

7. The microphoto lysis-analysis process for measuring the strengtil of a cell
membrane as claimed in claim 1, including the step of applying said focused second
frequency-specific light energy in time intervals ranging from about 2 minutes to about
10 minutes.

8. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of applying and measuring the
amount of said focused first frequency-specific light energy passing through said micro-
sample at 30-second time intervals over a 60-minutes period or until there are 5 or fewer
intact test cells within said localised microscopic area.

9. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of preparing a micro-sample of about
25 microliters (p1) of said photosensitive chemical solution.

10. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of applying a second frequency-

specific light energy at a selected different wavelength to photo-activate said inactive
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cell-attack fluorochrome from about 2 minutes to about 10 minutes depending on the
particular inactive cell-attack fluorochrome selected.

11. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of selecting said light
activated cell-attack fluorochrome specific to the type of cell to by analysed.

12. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of selecting said light
activated cell-attack fluorochrome from the group conmsisting of phloxine B, eosin-
isothiocyanate, pheophorbide, protoporphyrin, fluorescein isothiocyanate, fluorescein
isothiocyanate dextran, and combinations thereof.

13. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of adding a test drug to said
cell containing solution providing drug-induced alterations in cell membranes for
determining the effect of said test drug on cell response to microphoto lysi:s by applying
a standardized light-activated cell-attack fluorochrome and distinguishing between drug-
treated and nontreated cells as a function of time after drug treatment.

14. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, comprising the step of adding a test substance to said
cell containing solution providing test substance induced alterations in cell membranes
for determining the effect of said test substance on cell response to microphoto lysis by
applying a standardized light-activated cell-attack fluorochrome and distinguishing
between test substance treated and nontreated cells as a function of time after test
substance treatment, said test substance being selected from the group consisting of
glutaraldehyde, albumin, chlorpromazine, diamide, glucose, albumin, and
pentoxyifylline.

15. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 13, wherein said test drug is an intracellular-bound

specific test drug.
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16. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of adding diamide to said cell
containing solution for oxidizing the sulfhydryl groups of proteins in the cell membrane
to increase membrane fragility and for increasing the cross-linking of spectrin to increase
membrane rigidity disrupt cell membrane integrity inducing alternations in cell
membranes for determining the effect of said diamide on cell response to micro-photo
lysis by applying a standardized light activated cell-attack fluorochrome and
distinguishing between diamide-treated and nontreated cells as a function of time after
diamide treatment.

17. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of adding chlorpromazine to
said cell containing solution producing stomatocytes and altering the lipid bilayer of said
cell membranes to disrupt cell membrane integrity by increasing membrane fragility
without any change in rigidity of said cell mem{)rane inducing alternations in cell
membranes for determining the effect of said chlorpromazine on cell response to
microphoto lysis by applying a standardized light activated cell-attack fluorochrome and
distinguishing between chlorpromazine treated and nontreated cells as a function of time
after chlorpromazine treatment.

18. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of adding glutaraldehyde to
said cell containing solution decreasing membrane fragility and increasing membrane
rigidity of said cell membrane inducing alterations in cell membranes for determining the
effect of said glutaraldehyde on cell response to microphoto lysis by applying a
standardised light activated cell-attack fluorochrome and distinguishing between
glutaraldehyde treated and nontreated cells as a function of time after glutaraldehyde
treatment.

19. The microphoto lysis-analysis process for measuring the strength of a cell

membrane as claimed in claim 14, further including the step of comparing the effect of
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adding at least one test substance to said cell containing solution for measuring the effect
of said test substance on changes in said cell membrane fragility and distinguishing
between a change in said membrane fragility due to altered lipid layers and a change in
said membrane fragility due to altered protein layers of said cell membrane.

20. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further comprising the step of selecting human red
blood cells with control cells for detecting the disease diabetes by changes in the cell
response to microphoto lysis for changes in membrane integrity caused by said disease.
21. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 13, further comprising the steps of detecting drug-induced
alterations in human cell membranes of a cell sample containing an unknown
concentration of a said drug by adding known co_ncentrations of said drug to the cell
sample inducing alterations in cell membranes for determining the effect of said addition
of known concentration of said drug on cell resporfxse to microphoto lysis by applying a
standardized light activated cell-attack fluorochrome before and after the addition of the
known concentration of drug.

22. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further comprising the step of determining the level of
ATP (adenosine triphosphate) in a cell sample by treating the cell sample with known
concentrations of said ATP inducing alterations in cell membranes of the cell sample for
determining the effect of said addition of said ATP on cell response to microphoto lysis
by applying a standardized light activated cell-attack fluorochrome to the cell sample and
distinguishing between the integrity of the ATP affected cells and untreated cells before
and after the addition of ATP as a function of time after treatment and comparing the
membrane integrity of cells in the untreated cell sample with the membrane integrity of
human red blood cells in the ATP-treated cell sample.

23. The microphoto lysis-analysis process for measuring the strength of a cell

membrane as claimed in claim 1, further comprising the step of selecting human red

A SR =21 -Ei'-‘.‘.?et

[y S



56

blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for detecting the disease sickle-cell anemia by changes in the cell
response to microphoto lysis for changes in cell membrane integrity caused by said
disease.

24. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further comprising the step of selecting human red
blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for detecting pathologic alterations in human cell membranes by
changes in the cell response to microphoto lysis for changes in the cell membrane
integrity caused by the said membrane pathology.

25. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 24, further comprising the step of selecting human red
blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for differéntiating between normal human cells and single-disease
altered cells and for distinguishing said normal human cells and said single-disease
altered cells from multiple disease altered cells.

26. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further includiﬂg the step of selecting a specific light
activated cell-attack fluorochrome for a specific type of test cell.

27. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of standardising said osmolality of
said test cells and light activated cell-attack fluorochrome in a standardized buffer
solution.

28. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, including the step of varying the concentration of said
test cells suspended in said cell containing solution.

29. The microphoto lysis-analysis process for measuring the strength of a cell

membrane as claimed in claim 1, including the step of applying said focused second
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frequency-specific light energy to produce a pattern of changes for untreated normal cells
with normal membranes and normal metabolism and comparing the strength of the
membrane of said untreated normal cells with the strength of the membrane of cells
which have been treated by exposure to a known chemical.

30. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 29, which comprises the steps of adding a chemical which
alters a cell membrane including pentoxifylline, diamide, glutaraldehyde, and
chlorpromazine.

31. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, which comprises the steps of testing for a cell
membrane altering disease including diabetes, hypercholesterolemia, and sickle-cell
anemia,

32. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in clai;n 15, further including the step of adding an intracellular
membrane-bound specific test drug to said cell containing solution for measuring
alterations in cell membrane fragility due to changes in membrane characteristics that are
created by a light activated cell-attack fluorochrome that processes through the cell
membrane to attach to internal cell structures where said fluorochrome becomes activated
only inside of the cell.

33. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of adding an extracellular
membrane-bound specific test drug to said cell containing solution for measuring
alterations in cell membrane fragility due to changes in membrane characteristics that are
created by a light activated cell-attack fluorochrome that remains and becomes activated
only outside the cell.

34. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further including the step of preparing a micro-sample

of about 25 microliters (u1) of said photosensitive chemical solution within a covered
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well means and placing at least one water saturated wick within said well means in close
proximity to said micro-sample for prevenﬁng dehydration of said micro-sarmple of said
photosensitive chemical solution.
35. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 3, including the step of producing a cell-response curve
having at least four different quantitative measurements of cell membrane integrity for
said selected time intervals of cell response to a light activated cell-attack fluorochrome.
36. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 1, further comprising the step of determining the level of
glucose in the cell containing sample by treating the cell containing sample with known
amounts of glucose and comparing the membrane integrity of test cells in the untreated
cell containing sample with the membrane integrity of test cells in the treated cell
containing sample.
37. A m:icrophoto lysis-analysis process for measuring the strength of a cell membrane
and detecting abnormalities thereof by applying precise quantities of a first focused light
of selected frequency and energy density to a precise microscopic area of a cell sample
containing test cells for measuring as a function of time the precise degree of cell
disruption, applying a second focused light of second selected frequency and energy
density to said cell sample thereby photo-activating a light activated cell-attack
fluorochrome for attacking cell membranes in said microscopic area of light-stimulated
cell-attack providing a quantitative, time-related, light-dose dependent measure of cell
fragility, comparing the steps of:

suspending test cells whose membrane strength are to be measured in a cell
containing solution;

adding an inactive light activated cell-attack fluorochrome to said cell containing
solution, said inactive cell-attack fluorochrome comprising molecules absorbing light
energy in a known range of excitation frequencies producing a photosensitive chemical

solution;
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preparing a micro-sample of said photosensitive chemical solution containing said
test cells;

identifying a localized microscopic area within said micro-sample of said
photosensitive solution;

applying a specific amount of the focused first frequency-specific light energy in
the cell absorption range to said micro-sample of said photosensitive chemical solution,
exposing said cell(s) in said photosensitive chemical solution to said first frequency-
specific light energy for a selected period of time for determining light absorption by
intact test cells in said localized microscopic area of said micro-sample at any time
period;

determining the light absorption and number of intact test cells in said localized
microscopic area by measuring the amount of said first frequency-specific light energy
passing through said cells in said micro-sample of said photosensitive chemical solution
in saiid localized microscopic area;

applying a specific amount of the focused second frequency-specific light energy in
the fluorochrome-excitation range for a selected time in a selected time interval at a
selected different wavelength than said first frequency-specific light energy, said second
frequency-specific light energy photo-activating said photosensitive chemical solution
forming a cell-reacting medium;

reacting said cell-reacting medium containing said test cells in said localized
microscopic area disrupting the cell membranes of said test cells permitting loss of said
cell contents and changing the absorption of said first frequency-specific light energy by
said test cells in said localized microscopic area;

analysing the strength of said cell membrane quantitatively by comparing the
amount of said first frequency-specific light energy passing through said test cells in said
micro-sample after micro-sample exposure to said second frequency-specific light
energy, with the amount of said first frequency-specific light energy passing through said

test cell(s) in said micro-sample before micro-sample exposure to said second frequency-
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specific light energy for determining light absorption by remaining intact test cells in
said localised microscopic area at selected time intervals; and

coordinating and comparing the above test results to values for normal cell(s) to
measure changes in cell fragility.
38. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, wherein said analysing step comprises comparing the
starting number of cells with the maximum number of test cells disrupted, the time to
reach disruption of 1/2 of the maximum number of cells to be disrupted, and the
maximum rate of cell disruption during said selected time intervals.
39. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, wherein said analysing step comprises comparing the
starting number of test cells with the maximum number of cells disrupted, the time to
reach disruption of 1/2 of the maximum number of cells to be disrupted, and the
maximum rate of cell disruption.
40. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of selecting said test cells from the
group consisting of red cells, white cells, platelets, or mixture thereof.
41. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of applying said focused first
frequency-specific light energy in time intervals ranging from about 2 minutes to about
60 minutes.
42. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of applying said focused second
frequency-specific light energy in time intervals ranging from about 2 minutes to about
10 minutes.
43. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of applying and measuring the

amount of said focused first frequency-specific light energy passing through said micro-
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sample at 30- second time intervals over a 60-minutes period or until there are 5 or
fewer intact test cells within said localised microscopic area.

44. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of preparing a micro-sample of
about 25 microliters (11) of said photosensitive chemical solution.

45. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of applying a second frequency-
specific light energy at a selected different wavelength to photo-activate said inactive
cell-attack fluorochrome from about 2 minutes to about 10 minutes depending on the
particular inactive cell-attack fluorochrome selected.

46. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of selecting said light
activated cell-attack fluorochrome specific to the type of cell to be analysed.

47. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of selecting said light
activated cell-attack fluorochrome from the group consisting of phloxine B,
eosiniosthiocyanate, ~pheophorbide, protoporphyrin, fluorescein isothiocyanate,
fluorescein isothiocyanate dextran, and combinations thereof.

48. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of adding a test drug to said
cell containing solution providing drug-induced alterations in cell membranes for
determining the effect of said test drug on cell response to microphot lysis by applying a
standardised light-activated cell-attack fluorochrome and distinguishing between drug-
treated and nontreated cells as a function of time after drug treatment.

49. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, comprising the step of adding a test substance to said
cell containing solution providing test substance induced alterations in cell membranes

for determining the effect of said test substance on cell response to microphoto lysis by
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applying a standardised light-activated cell-attack fluorochrome and distinguishing
between test substance treated and nontreated cells as a function of time after test
substance treatment, said test substance being selected from the group consisting of
glutaraldehyde, albumin, chlorpromazine, diamide, glucose, albumin, and
pentoxyifylline.

50. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 48, wherein said test drug is an intracellular-bound
specific test drug.

51. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of adding diamide to said
cell containing solution for oxidizing the suifhydryl groups of proteins in the cell
membrane to increase membrane fragility and for increasing the cross-linking of spectrin
to increase membrane rigidity and disrupt cell membrane integrity inducing alterations in
cell membranes for determining the effect of said diamide on cell response to micro-
photo lysis by applying a standardised light activated cell-attack fluorochrome and
distinguishing between diamide-treated and nontreated cells as a function of time after
diamide treatment.

52. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of adding chlorpromazine to
said cell containing solution producing stomatocytes and altering the lipid bilayer of said
cell membranes to disrupt cell membrane integrity by increasing membrane fragility
without any change in rigidity of said cell membrane inducing alterations in cell
membranes for determining the effect of said chlorpromazine on cell response to
mircophoto lysis by applying a standardised light activated cell-attack fluorochrome and
distinguishing between chlorpromazine treated and nontreated cells as a function of time
after chlorpromazine treatment.

53. The microphoto lysis-analysis process for measuring the strength of a cell

membrane as claimed in claim 37, further including the step of adding glutaraldehyde to
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said cell containing solution decreasing membrane fragility and increasing membrane
rigidity of said cell membrane irducing alterations in cell membranes for determining the
effect of said glutaraldehyde on cell response to microphoto lysis by applying a
standardised light activated cell-attack fluorochrome and distinguishing between
glutaraldehyde treated and nontreated cells as a function of time after glutaraldehyde
treatment.

54. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 49, further including the step of comparing the effect of
adding at least one test substance to said cell containing solution for measuring the effect
of said test substance on changes in said cell membrane fragility and distinguishing
between a change in said membrane fragility due to altered lipid layers and a change in
said membrane fragility due to altered protein layers of said cell membrane.

55. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further comprising the step of selected human red
blood cells as said test cells and comparing said selected red blood cells with control
cells for detecting the disease diabetes by changes in the cell response to microphoto
lysis for changes in membrane integrity caused by said disease.

56. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 48, further comprising the steps of detecting drug-induced
alterations in human cell membranes of a cell sample containing an unknown
concentration of a said drug by adding known concentrations of said drug to the cell
sample inducing alterations in cell membranes for determining the effect of said addition
of known concentration of said drug on cell response to microphoto lysis by applying a
standardised light activated cell-attack fluorochrome before and after the addition of the
known concentration of drug.

57. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further comprising the step of determining the level of

ATP (adenosine triphosphate) in a cell sample by treating the cell sample with known
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concentrations of said ATP inducing alterations in cell membranes of the cell sample for
determining the effect of said addition of said ATP on cell response to microphoto lysis
by applying a standardised light activated cell-attack fluorochrome to the cell sample and
distinguishing between the integrity of the ATP affected cells and untreated cells before
and after the addition of ATP as a function of time after treatment and comparing the
membrane integrity of cells in the untreated cell sample with the membrane integrity of
human red blood cells in the ATP-treated cell sample.

58. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further comprising the step of selecting human red
blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for detecting the disease sickle-cell anemia by changes in the cell
response to microphoto lysis for changes in cell membrane integrity caused by said
disease.

59. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further comprising the step of selecting human red
blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for detecting pathologic alterations in human cell membranes by
changes in the cell response to microphoto lysis for changes in the cell membrane
integrity caused by the said membrane pathology.

60. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 59, further comprising the step of selecting human red
blood cells as said test cells and comparing said selected red blood cells with control
human blood cells for differentiating between normal human cells and single-disease
altered cells and for distinguishing said normal human cells and said single-disease
altered cells from multiple disease altered cells.

61. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of selecting a specific light

activated cell-attack fluorochrome for a specific type of test cell.
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62. The microphoto lysis-analysis process for measuring the strength of a cell
membrane-as claimed in claim 37, including the step of varying the concentration of said
test cells suspended in said cell containing solution.

63. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, including the step of applying said focused second
frequency-specific light energy to produce a pattern of changes for untreated normal cells
with normal membranes and normal metabolism and comparing the strength of the
membrane of said untreated normal cells with the strength of the membrane of cells
which have been treated by exposure to a known chemical.

64. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 63, which comprises the steps of adding a chemical which
alters a cell membrane including pentoxifylline, diamide, glutaraldehyde, and
chlorpromazine.

65. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, which comprises the steps of testing for a cell
membrane altering disease including diabetes, hypercholesterolemia, and sickle-cell
anemia.

66. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 50, further including the step of adding an intracellular
membrane-bound specific test drug to said cell containing solution for measuring
alterations in cell membrane fragility due to changes in membrane characteristics that are
created by a light activated cell-attack fluorochrome that processes through the cell
membrane to attach to internal cell structures where said fluorochrome becomes activated
only inside of the cell.

67. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further including the step of adding an extracellular
membrane-bound specific test drug to said cell containing solution for measuring

alterations in cell membrane fragility due to changes in membrane characteristics that are
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created by a light activated cell-attack fluorochrome that remains and becomes activated
only outside the cell.

68. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37 further including the step of preparing a micro-sample
of about 25 microliters (u1) of said photosensitive chemical solution within a covered
well means and placing at least one water saturated wick within said well means in close
proximity to said micro-sample for preventing dehydration of said micro-sample of said
photosensitive chemical solution.

69. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 39 including the step of producing a cell-response curve
having at least four different quantitative measurements of cell membrane integrity for
said selected time intervals of cell response to a light activated cell-attack fluorochrome.
70. The microphoto lysis-analysis process for measuring the strength of a cell
membrane as claimed in claim 37, further comprising the step of determining the level of
glucose in the cell containing sample by treating the cell containing sample with known
amounts of glucose and comparing the membrane integrity of test cells in the untreated
cell containing sample with the membrane integrity of test cells in the treated cell

containing sample.
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A MICROPHOTO LYSIS-ANALYSIS PROCESS

TO MEASURE CELL CHARACTERISTICS AND DIAGNOSE DISEASES

ABSTRACT

A method of determining cell membrane strength is distlosed,
using focused light of selected frequency and energy density.
The method is also useful in diagnosing the presence of certain
diseases in cells, by comparing the membrane strength of cells
exposed to cell-characteristic esltering drugs to the membrane

strength of a control group of cells.
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